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Polyethylene containers irradiated with 
million-volt electrons (right) withstand steam 
sterilization that melts untreated containers 
(below). Use of plastic containers for 


pharmaceuticals is thus possible (see p. 15) 








CVC's model LC1-12A mea 


d chamber 12 2 mm diameter 
of O.5 micron He m titrec 
120-volt power supply 
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It’s more economical to buy 


than to build a laboratory 
high vacuum system 


There is no need to design and build your own experi- 
mental high vacuum system; the work has already 
been done for you by CVC—high vacuum equipment ts 
our business 

CVC’'s self-contained and versatile high vacuum sys- 
tems are available in six chamber sizes from 10” to 48” 
in diameter. Each unit ts equipped with: 
e The pumps necessary to produce the desired vacuum 





easily and quickly 
e The correct vacuum gauge covering the operating 

range of the unit 

Complete controls for electrical equipment; pneu- 

matically operated valves are standard on the larger 

units 

A series of current-conducting yet perfectly sealed 

feed-throughs into the vacuum chamber 

And, if necessary, accessories such as rotating drives, 

glow discharge devices, high frequency power feed- 

throughs 

If you are considering a high vacuum system for the 
laboratory, it will save you time (most units are avail- 
able from stock) and money to consult with CVC 
Consolidated Vacuum Corporation, Rochester 3, New 
York. (a subsidiary of Consolidated Engineering Cor- 
poration, Pasadena, Calif.) 


5 ow ° 
nodel LC1-14 measures 38” by 30 


th a chamber 14" in diameter, 24" 

duces a pressure of O.5 micron He 

yiinutles H gr VACKhHIN alive 150- 
hamber for ading. Requires 50- 
120-volt power supply 


CVC's model LC1-10 
measures 21" by 14” 
hamber 10" im dian 
Rated ultimate pressure 


Requires 1§-am pere, 120-1 
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Vacuum Equipment Dept 





Consolidated Vacuum Corporation 
Rochester 3, N. Y. 


designers and manufacturers of high vacuum equipment 
SALES OFFICES: MENLO PARK, CALIF. - CHICAGO, ILL. - CAMDEN, N. J. - NEW YORK, N. Y. 








AUGUST 1953 


Vol. 11, No. & 


Gamma-Ray Attenuation, Part |: Basic Processes... 8 
U. FANO 


Effect of Gamma Radiation on Certain Rubbers and Plastics. . . 
JOHN W. RYAN 


Lumped Reflector Parameters for 


Two-Group Reactor Calculations. . 
DANIEL FIENO, HAROLD SCHNEIDER, and ROBERT 8. SPOONER 


Age Determination of Uranium Minerals by the 
Pb?'” Method. 


J. LAURENCE KULP, WALLACE S. BROECKER, and WALTER R. ECKELMANN 


Deposition of Airborne Radioiodine Vapor. 
JEROME D. LUNTZ, Editor A.C. CHAMBERLAIN and R.C. CHADWICK 


C. J. MOSBACHER, JR., Managing Editor Film Measurement of Beta-Ray Depth Dose. . 
Alan R. Liss, Associate Editor E. TOCHILIN and R. GOLDEN 


Thomas L. Cramer, Assistant Editor Radiation Chemistry of Cysteine Solutions. 


Nancy Purves Case, Editorial Assistant S.L. WHITCHER, MARY ROTHERAM, and NORMAN TODD 


Dorothy Pappachristou, Editorial Assistant Monitoring of Liquids for Radioactivity . 
Harry Phillips, Art Director W. M. HURST 
Jack Gordon, Associate Art Director Nuclear Emulsion Techniques for the Measurement 
George B. Bryant, Jr., Washington Office of Neutron Energy Spectra—ll oie 
W. B. Whichard, Jr., Washington Office LOUIS ROSEN 


Joseph Van Denburg, Jr., World News Hazard Evaluation and Control after a Spill 


of 40 mg of Radium. 


IT NN itori i 
ee es Sa Cone R.K. SKOW, V.V. VANDIVERT, and F.R. HOLDEN 


Cross Sections 


Cy Electrodeposition of Uranium Oxide on Aluminum. 
CARL R. WILSON and A. LANGER 


Radiation-Resistant Fused Silica. 


H. W. MATEER, Publisher A. JOHN GALE and F. A. BICKFORD 


WALLACE B. BLOOD, Manager Contamination and Decontamination of 


R. S. Quint, Buyers Guide Manager Laboratory Bench-Top Materials. 


N. F. Cullinan, Promotion & Research W. LANE, R. FULLER, L. GRAHAM, and J. MACKIN 


D. H. Miller, J. Girdwood, New York Isotope Handling Calculator. 
Wm. S. Hodgkinson, New England R. WEST 
Warren W. Shew, Philadelphia Shock, Toxemia in Radiation Lethality. 
C. D. Wardner, Chicago ROBERTS RUGH, JOSEPHINE SUESS, and JOHN SCUDDER 


J. L. Phillips, Cleveland Liquid-Sample Geiger Counter. 
T. H. Carmody, R. C. Alcorn, San Francisco LEON SINGER and W. D. ARMSTRONG 
Carl W. Dysinger, Los Angeles 

Robert H. Sidur, Atlanta 

J. E. Blackburn, Jr., Director of Circulation EDITORIAL. . ene Me 


Departments 


68 


7 


BOOKS.. ; coos 56 PATENTS... oe oe 70 
NEWS... ° : cosvece PRODUCTS AND MATERIALS. 72 








Smith, Vice President and Editorial Director; Nelson Bond, Vice President and Director 
of Advertising; J. E. Blackburn, Jr., Vice President and Director of Circulation. Allow 
at least one month for change of address. All communications about subscriptions 


NUCLEONICS (with which is consolidated “Atomic Power” and “Atomic Engineer 
ng’), August, 1953, Vol. 11,No.8. Publication Office: 212 East York St., York, Pa 

Editorial, Advertising, ond Circulation Offices: 330 W. 42nd Street, New York 34, 
N.Y. Published monthly by McGraw-Hill Publishing Company, inc. Entered as should be addressed to Director of Circulation, 330 West 42nd Street, New York 
second class matter December 17, 1947, in the Post Office at York Pa., under the 36, N.Y. Price per copy $0.75. Subscription rates, United States and U.S. Pos 
act of March 3, 1879. Copyright 1953 by McGraw-Hill Publishing Company, Inc sessions $8 for | year, $12 for 2 years, $16 for 3 years. Canada, $10 for | year, 
All rights reserved Curtis W. McGraw, President; Willard Chevalier, Executive $16 for 2 years, $20 for 3 years. Latin America, $15 for | year, $25 for 2 years, 
Vice President; Joseph A. Gerardi, Vice President and Treasurer; John J. Cooke, $30 for 3 years. All other countries, $20 for | year, $30 for 2 years, $40 for 3 


Paul Montgomery, Senior Vice President, Publications Division; Raiph 8 years. Member of ABC. Member of ABP 


Secretary 





Why the Weston 
sensing element 
1S a MULTIPLE HELIX! 


(iii 








all-metal THERMOMETERS 


Although WESTON provides sensing elements of various forms 
for special applications, the element in all standard WESTON 
Industrial Thermometers is a multiple helix as illustrated above. 
Why the more costly multiple, instead of the single, helix? 
Just one reason, WESTON’s twenty years’ experience producing 
bi-metal thermometers for industry has furnished convincing 
proof that the shorter, non-sagging multiple helix provides bet- 
ter accuracy, over longer periods. And while it provides other 
advantages, the one thing most thermometer buyers demand is 
long-term dependability. You get it, in extra measure, in WESTON 
Thermometers with multiple helix. WESTON Electrical Instru- 
ment Corp., 614 Frelinghuysen Ave., Newark 5, N. J. 


WESTON 
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Newest in the line... 


THE latest mass spectrometer in America’s ac- 

cepted standard line is the Consolidated Model 

21-610, a precision electronic instrument with ex- 

' , treme stability for unattended process monitoring 
A single instrument for in the peer: ae ladioaivinn. Used with a hand- 
held probe it operates as a detector for tracing 

Process control leaks of any gas within its mass range. The Model 
21-610 is suitable for qualitative and quantitative 

leak detection component determinations in gaseous and light- 
liquid mixtures. Moderately priced and economical 

to operate, needing no expensive refrigerants, this 

Research new instrument brings mass spectrometry as a 
control procedure within reach of small refineries 


and chemical manufacturers. 
~ Write for Bulletin CEC-1824-X8. 





4/l components are accessible: either by remoy- 


Model 21-610 Mass 
ing side panels or by pull-out chassis containing 
circuits and controls. p ec t rome te 4 


Consolidated Engineering snaiyrcal 


CORPORATION . 
300 North Sierra Madre Villa, Pasadena 15, California  Msiruments | 


Sales and Service through €E€ INSTRUMENTS, INC., for science 


a subsidiary with offices in: Pasadena, New York 
be removed intact and operated independently. . : i ind industr 
, P P : Chicago, Washington, D. C., Philadelphia, Dallas. a y 


Electronic and vacuum/analyzer assemblies may 
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hilips’ extensive range of modern Linear Electron Accelerators up to 30,000,000 e V, 
Equipment for Nuclear Research and 


. oO if "Ss . . . 
its applications comprises Synchro-Cyclotrons, for accelerating deuterons, 


protons or alpha particles up to 300,000,000 e V, 


@ New compact “open” type H T Generators with Very high beam currents. 


selenium rectifiers and ion accelerating tube. 


Up to 800,000 V. . “Ts 
I Scalers, ratemeters, dosemeters and_ radiation 


monitors for laboratory or defence purposes. 
@ Same, in pressurized steel tank, solving space Geiger counter tubes. 
and atmospheric problems. Up to 2,000,000 V. 


Radioactive Isotopes (pile & cyclotron produced). 

@ “Open” type H T Generators. Gasvalves or sele 

nium rectifiers. lon accelerating tubes of new ; 
design. High accessibility. Unequalled high output. High Voltage Impulse Generators, 

Up to 1,400,000 V. up to 3,500,000 V. With recording equipment. 


Above types can be supplied with exceptionally Philips’ Nuclear Development Laboratories will 


high stabilisation, low ripple values, various ion gladly inform you on any equipment Philips 
are prepared co build to your requirements 


Nuclear Equipment 


sources and targets 


Philips’ Synchro-Cyclotrons require a mini 
mum of space for their remarkable per- 
formance. Shown here is the synchro-cy- 
clotron in Amsterdam which during many 
years already is in daily use for nuclear 
research and for production of radioactive 
isotopes. Energy: 30 MeV for deuterons, 
60 MeV for «-particles. Guaranteed beam 
current 30 4A (!) 
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: ei | 
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For information please apply to one of the following addresses: 


X-Ray Department, Research and Control Instruments Division, 
Shaftesbury Avenue, LONDON WC 2 750, South Fulton Ave, MOUNT VERNON N.Y, 
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Scientific Equipment Department, 
EINDHOVEN (Holland) 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN | PHILIPS ELECTRICAL LTD., NORTH AMERICAN PHILIPS CO. INC., 

















ON A ONE FOOT BASE 


Find a square foot of floor space under your laboratory of free air displacement — yet the complete pumping 
bench, on your vacuum test stand, in your auto luggage power is furnished by an economical 4 HP motor. Kinney 
compartment — that’s all the room you need for a Kinney Manufacturing Co., Boston 30, Mass. — manufacturers 
Model CVM 3153 Midget Vacuum Pump. Here's a lot of vacuum and liquid pumps. Representatives in princi- 


of vacuum in a little space — two cubic feet per minute pal cities of the United States and foreign countries. 
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OTHER IMPORTANT FEATURES OF KINNEY MODEL CVM 3153 COMPOUND VACUUM PUMP: | 


® Quiet, smooth operation © Wear-free oil-sealed pumping 
© Ready-to-go starting — no warm-up or mechanism 
hand starting needed ® Easy servicing — right on the job, no 


® Rugged construction special tools or fixtures required a 








ae en eee Eek, eee eee ee oe 


KINNEY MANUFACTURING COMPANY 
3614 Washington St., Boston 30, Mass. 


Please send Bulletin SV-51 describing 
Kinney Midget Vacuum Pumps. 


NAME 
COMPANY 


STREET 
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Sample tested for gamma radiation is placed in counter. Instrument also detects alpha, beta, and thermal neutron radiations. 


Radioactivity studies aided by Scintillation Counter 


G-E instrument measures effects of radiation on red blood cells 


‘*A very valuable research tool,’ is the way Dr. T. R. 
Noonan, associate professor of Radiation Biology at 
the University of Rochester, evaluates General Elec- 
tric’s Scintillation Counter. 


In studying the effects of radiation on the incor 
poration of iron in the hemoglobin of red blood cells, 
Dr. Noonan injects a solution of iron into animals 
which have been subjected to mild radiation and a 
control group not subjected to radiation. After 72 
hours, blood is withdrawn and hemoglobin prepared. 
Radioactivity of the blood is then easily determined 
by counting gamma rays with the scintillation counter. 
Data are thus easily determined on the incorporation 
of iron into the blood stream of experimental and 
control groups. Radiation is determined in fractions 
of a micro-curie. 


G-E Scintillation Counter may be used for many 
other industrial and laboratory studies. Disintegration 
rate of any sample which will fit into the two-inch 
chamber may be measured. Use of interchangeable 
phosphors permits detection of alpha, beta, gamma, 
and thermal neutron radiations. 


Further information about the Scintillation Counter 
or other G-E Radiation Instruments may be obtained 
from your nearest G-E Apparatus Sales Office. Or 
write for Bulletin GEA-5735 to General Electric Co., 
Section 687-123, Schenectady 5, N. Y. 


Gou can foul! powe confidence in— 
GENERAL @@ ELECTRIC 


Disintegration rate may be read on any standard scaler. 
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Jerome D. Luntz, Editor 


Public Relations for the Peaceful Atom 


|’ IS SOMEWHAT SURPRISING TO find J. Robert 


Oppenheimer, Gordon Dean and President 
Kisenhower all on the same side of the fence on a 
rather controversial issue with domestic and in- 
ternational implications. But this was the case 
last month when they all came out very strongly 
in favor of more candor with the public on atomic 
weapons data. An informed public, they con- 
cluded, is necessary for intelligent support of 
decisions on vital matters. 

Such strong opinions on military atomic energy 
emphasize the need for candor on the peaceful 
atom. If it can be done on the military side, it 
can and certainly should be done on the peaceful 
side. 

\tomic energy was born amid a variety of 
emotions —fear, optimism, pessimism,ete. Un- 
fortunately, this emotionalism has clouded dis- 
cussion of the utilization of atomic energy to the 
extent that there are all extremes of attitudes on 
the subject. Some see only evil from atomic 
energy ; others see only good. 

It is this divergence of opinion that must be 
recognized in any atomic energy public relations 
program, because such a program should follow 
a line somewhere between the two extremes. 

The future of the atomic energy industry de- 
pends upon how successful such an effort is. 
As with 


any new industry, public attitudes toward it 


The industry is in its embryonic state. 


must be fostered in the proper direction at the 
outset. This is even more important in this 
field because of the considerable secrecy that 
exists. With secrecy, there is a very great poten- 
tial for false rumors and misconceptions. 

What 


First, public relations is the creation and carry- 


is a good public relations program? 


ing out of policies that will be reflected in favor- 
able public opinion. Underlying any successful 
public relations program must be public confi- 


dence. Public relations without public confi- 


dence is like a load-bearing structural beam with 
a surface of steel and a core of balsa wood-—fine 
on the outside but vulnerable to collapse. 
Experience indicates that the primary requi- 
site for public confidence is complete frankness. 
Cicero once said, ‘What is true, simple and 
sincere is most congenial to man’s nature.”’ 


"parses OF THE atomic energy industry de- 
pends upon acceptance of atomic energy 
by three groups: Customers for products in 
whose manufacture or operation atomic energy 
is involved, the general public, and employees of 
firms using atomic energy. 

Employee relations is of first importance. 
Any selling of the benefits of atomic energy must 
start at home—with employees. If employees 
are not convinced of the desirability and safety 
of using radioactivity, their lack of conviction 
will not be kept secret, and, no matter how good 
the public relations job done outside the plant, 
money and effort will be wasted. 

Next are relations with the general public, pri- 
marily people in communities surrounding plants 
involved in atomic energy activities. Again, 
these are noncustomers whose attitudes must be 
given serious consideration. 

Finally, there are the customers, the eventual 
source of revenue for so-called atomic products, 
which could be anything from nuclear reactors 
to radiation-sterilized foods or drugs. 

To gain the acceptance of all three groups, a 
positive dynamic approach should be used rather 
than the fire-fighting method of trying to recoup 
after damage has been done. 

The principal barrier to acceptance is ignor- 
ance. This can only be fought with information 

information about nuclear radiation, the fact 
that its hazards can easily be protected against, 
the fact that there are many more insidious ma- 
terials in daily use in industry and by the public. 





Gamma-Ray Attenuation 


PART | 


BASIC PROCESSES 


Design of gamma-ray shielding requires detailed knowledge of the attenuation 


of electromagnetic radiation by matter. 


This article introduces the 


problem by describing the basic interaction processes of photons with 


matter. 


The concluding part, to be published next month, will present a 


detailed examination of the penetration of the gamma rays 


By U. FANO 

Nuclear Physics Section 
National Bureau of Standards 
Washington, D. C. 


[ELECTROMAGNETIC RADIATION of high 
photon energy (high frequency) usually 
originates from excited atomic nuclei, 
from excited atoms, or from electrons 
traversing matter, and is called X-rays 
this 


basic interaction processes (7), ‘‘ gamma 


or gamma rays. In article on 


rays” means high-energy electromag- 
netic radiation from any source, even 
though this term usually refers to radi- 
ation from nuclear sources only. 

This paper 
gamma rays having photon energies 
between 0.1 and 10 Mey. 
formation will apply to radiation with 


deals primarily with 


Some in- 


energies extending roughly one order 


of magnitude above or below. this 
range. 

Gamma rays traversing matter inter- 
act with it through separate ‘‘elemen- 
tary”’ processes. Present information 


on elementary processes is generally 


adequate for shielding applications. and each will be denoted by a Roman 


Each 


succession ol 


photon usually experiences a numeral 
Basic interaction with atomic elec- 
trons (1). The field 


rays exerts an oscillating 


elementary processes. 


The combined effect of a succession of electromagnetic 


processes upon the over-all propaga- ol gamma 


tion of gamma rays has been under electric force on the charge of the 


study in recent years; progress in this atomic electrons within any material, 


field is reviewed here. and a (smaller) magnetic torque on 


their spin. Each electron reacts as an 


Kinds of Interaction 


four kinds of interaction, 


elementary particle endowed with mass 


There are and with spin angular momentum, and 
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FIG. 1. 


Arrangement for measuring narrow-beam attenuation coefficient 
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FIG. 2. 


ment of u 


subject to forces from other constitu- 
ents of the material. 

Basic interaction with nuclear par- 
i). 


netic field of gamma rays exerts an os- 


ticles (nucleons The electromag- 
cillating electric force on the charge of 
the nuclear protons within any material 
magnetic torque on the 
Each 


nucleon reacts as an elementary par- 


and i smaller } 


spins of protons and neutrons. 
ticle endowed with mass and with spin 


angular momentum, and subject to 
forces from other nucleons. 
Interaction with electric field sur- 
rounding charged particles (nuclei 
and electrons) (Ill). The electromag- 
netic field of gamma rays can induce 
electric currents in space in which there 
IS 4iso an field. These 


currents are associated with the genera- 


electrostatic 


tion of electron-positron pairs. 
Interaction with meson field sur- 
rounding nucleons (IV). The electro- 
magnetic field of gamma rays can in- 
duce electric currents in the space sur- 
neutron, in 
These 


currents are associated with the gen- 


rounding a proton or a 


which there is also a meson field. 


eration of mesons. 


Effects of Interaction 

There are three effects that the 
interaction may have upon a photon. 
Effects will be denoted by capital letters. 

Outright absorption (A). A photon 
may disappear as a result of interaction 
a material. Its energy is then 
by the interacting system 


within 
taken 


within the material. 


Vol. 11, No. 8 - August, 1953 


up 


at 


4a 


oe 
eoc 


Experimental verification of narrow-beam attenuation relation and measure- 


Elastic (coherent) scattering (B). 
A photon may be deflected (scattered) 
to 
system (such as an atom or nucleus). 


owing interaction with an atomic 
The possibility ol scattering is neces- 
sarily associated with, and quantita- 
tively related to, the possibility of ab- 
sorption. If the atomic system recoils 
as a whole under the impact of the 
photon, its internal energy is not in- 
creased and the scattering is elastic. 
The effects of elastic gamma-ray inter- 
action with different parts of the sys- 
tem combine ‘coherently ”’ (i.e., by ad- 
dition of amplitudes). 

Inelastic (incoherent) scattering (C). 
If the scattering of a photon causes an 
atomic particle to recoil with respect to 
the others, the internal energy of the 
atomic system is increased, and the 
de- 


photon correspondingly 


pleted. The effects of inelastic gamma- 


energy 


ray interactions with different parts of 
the 
(i.e., by addition of the intensities of 
the effects). 


system combine “incoherently ”’ 


Types of Processes 

Different 
arise from each kind of interaction (I, 
I, Il, or IV) leading to each of the end 


types of processes may 


results (A, B,orC). Thus there are 12 
types of processes in all (2,3). Many of 
quite infrequent; 
The 


following processes, W hose symbol indi- 


these processes are 


some have not yet been observed. 


cates mechanism and end effect, are 
most important: 


Photoelectric effect (IA). A photon 


disappears and an atomic electron (usu- 
ally from the proximity of the nucleus) 
leaves its atom at high speed, having 
absorbed the photon energy. This effect 
predominates for lower-energy gamma 
rays, especially for high-Z materials. 
Its cross section exceeds 1,000 barns per 
atom of Pb for 0.1-Mev gammas. 

The cross section decreases rapidly 
with increasing gamma energy, /, very 
roughly like #~* for EF < 0.5 Mev, and 
like E~! for E > 0.5 Mev. 
section for atoms of different elements 


The cross 
is roughly proportional to Z® for 
E > 0.1 Mev. 

The ejected electron flies off pre- 
sideways to the photon 
Mev. 
the high photon momentum, the pre- 
for 


dominantly 
beam for EF <0.5 Because of 


dominant direction is forward 
higher energies. 

Compton scattering (IC) (4). A 
photon is scattered inelastically and an 
atomic electron recoils out of an atom, 
much as though it had been initially 
free.* 


electron depends primarily on its recoil 


The energy taken up by the 


This effect predominates 
Mev in high-Z 


materials, and even more greatly and 


momentum. 
for gammas of 1-5 


over a much wider energy range in 


low-Z materials. Its cross section ap- 
proaches | barn per electron for 0.05- 
Mev gammas and decreases to less than 
0.1 barn at 10 Mev. 

The flies off 


dominantly in the direction of the inci- 


recoil electron pre- 
dent photon, the more nearly so the 
higher the fraction of photon energy it 
carries away and the higher the photon 
energy. It never recoils backwards, of 
course, 

Pair production (IIIA). A photon of 
more than 1 Mey disappears and its 
energy transfers to an electron-positron 
pair, which springs out of the space 
(less fre- 


around an atomic nucleus o1 


quently) around an atomic electron. 
This effect predominates for high pho- 
ton energies, especially in high-Z mate- 


but rises monotonically 


rials. cross section is zero at 
1 Mey 
this energy until it levels off near 50 
Mey high-Z materials, 


higher energy for low-Z. 


above 
for and at a 
The largest 
cross sections approach 100 barns per 
atom. In the region where the cross 
section is rising, It varies from element 


* This scattering is actually classed as 


elastic as long as one considers the electron 
if the 
electron is considered as a part of the whole 


as an isolated particle, and inelastic 


material. 


9 





to element approximately in 
tion to Z?. 
The electron and positron are 


propor- 


pro- 
jected predominantly in the direction 
of the incident photon, especially when 
hence its 
Most of 
the electrons and positrons are confined 


the photon energy, /, and 


momentum, are very large 
to directions within 0.5 Mev/F radians 
from the photon direction 
Rayleigh scattering (IB). 
rays scattered by small angles impart 


Gamma 


only a small recoil, especially when 
their energy is low. The recoil is then 
often absorbed by a whole atom or 
molecule, so that the scattering action 
of different atomic electrons combines 


coherently. Coherent combination en- 


hances the probability of this effect so 
that it prevails greatly at low energies. 
ven for photon energies above 0.1 
Mev, 
able than Compton scattering by only 
This 
scattering is more likely for high-Z than 
for low-Z materials. 

Minor effects. The nuclear photo- 
electric effect (IA) has a small cross 
section that approaches 1 


Rayleigh scattering is less prob- 


one or two orders of magnitude. 


barn pel 
atom only for high-Z and for 15-20- 
this effect 
results most frequently in the ejection 


Mev photons. However, 
of one or more neutrons and is made 
conspicuous by the high penetrating 
power of the neutrons. 


Nuclear scattering (1B) and Del- 





bruck scattering (IIB) are at present 
Meson effects (IV) 
become appreciable only near or ubove 
150 Mey 


tions of the order of millibarns (4). 


barely detectable. 


and then only with cross sec- 


Probabilities of Processes 


To find the probabilities of the inter- 


action processes, It Is necessary to 
measure the absorption of gamma rays 
in matter. Data on this absorption is 
given by White (6). 

“Narrow-beam”’ attenuation of mon- 
ochromatic gammas. The total prob- 
ability that a photon of given energy 
suffers some interaction process while 
traversing a layer of matter is studied 
experimentally with the arrangement 


A well- 


) beam of homo- 


shown schematically in Fig. 1. 
collimated (‘‘narrow”’ 


geneous (monochromatic ) gamma rays 


TABLE | 


Mass Absorption Coefficients (cm’/gm)* penetrates a layer of matter (absorber) 


and then reaches a detector. 


Absorp- 


pa bf atewinle tion or appreciable deflection of a 
0 


energy 


(Mev) 


photon prevents it from reaching the 
detector. 
tensity received by the detector, as the 


Aluminum Tron Lead The attenuation of the in- 


Water 
171(0 absorber thickness increases, measures 
151(0 
137(0 
119(0. 118) 
106(0. 106) 


167) 
149 
136) 


169(0. 160 0.370(0. 342) 5.46(5.29) 
138(0.133 0.196(0. 182) 92(1.84 
122(0. 120 0.146(0. 138) 0.942(0.895) 
104(0. 103 0.110(0. 106) 0.378(0.335) 
0927(0. 0922 0.0939(0,.0918) 0. 220(0. 208) 
0967 (0. 0967 0844(0. 0840 0.084010. 0828) 0.15210. 145) 
O0894(0. 0894 0779(0.0777 0. 0769(0. 0761) 0.119(0.114) 
0786(0. 0786) 0.0683 (0.0682 0. 0668(0. 0668) 0. 0866(0. 0837) 
0 0706(0. 0706) 0.0614(0.0614 0. 0598(0.0595) 0.0703(0. 0683) 
5 0576(0. 0576 0.0500(0. 0500 0.0484(0. 0484) 0.0523(0.0514 
0 0493(0.0493 0.0431(0.0431 0.0422(0. 0422) 0.0456(0.0451) 
0 0396(0. 0396 0.0353(0.0353 0.0359(0.0359) 0.0413(0.0410) 
0 0339(0.0339) 0.0310(0. 0310) 0. 0330(0. 0330) 0.0416(0.0416) 
0 0302(0. 0302 0. 0284(0. 0284 0.0314(0.0314) 0.0430(0.0430) 
+0 0277 (0.0277 0.0266(0. 0266 0.0305(0.0305) 0.0445(0.0445 
0 0242(0. 0242 0.0243(0.0243 0. 0298(0.0298) 0.0471(0. 0471) 
10.0 0221(0,.0221) 0. 0232(0.0232 0. 0300(0. 0300) 0.0503(0 0503) 


the combined probabilities of outright 
absorption and of deflection. 
Exponential law of attenuation. If 
a photon has a probability p of travers- 
ing an absorber of thickness 2 without 
suffering absorption or deflection, the 
probability of no process occurring 
thickness 27 


This condition implies that p depends 


through a must be p?. 


on x according to 
Pp : ( l ) 


the 
(probability of a 


where yw represents “absorption 


coefficient ™ process 
If x is expressed 
1 


per unit thickness). 
* Figures in parentheses are the values if the 


disregarded. 


contribution from Rayleigh scattering is jpn centimeters, p is expressed in em 
‘Narrow 


ments verify “Eq. 1 


beam’’ attenuation experi- 





and measure gp. 


TABLE 2—Fluorescent Yield in the A Series 


This is shown in Fig. 2, drawn from the 
data of Davisson and Evans (7). 
Components of the absorption co- 
efficient. The total 
that any process takes place per unit 


Element Klement 


probability, x, 
& 
ioNe 
ioMg 
wi 
105 
wl : . 
isA } u, but the w’s for the various processes 


thickness of absorber is the sum of the 
the 
 Narrow- 


probabilities of occurrence of 
various kinds of processes. 


beam’’ experiments yield only the total 


Ca are generally provided by the theory or 


Cr by special experiments. The formula 


9) 


laa Moh T Mec T Mpasir \« 


is often encountered, where py, per- 


tains to process IA, yu, to IC and IB 
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combined (or to IC alone), Upair to INA, 
and the other processes are disregarded. 

Mass absorption coefficient. A 
laver of matter absorbs according to 
the matter it 
which is the thickness traversed (2 in 
iq. 1 


’ 
rial 


quantity of contains, 
times the density of the mate- 
Therefore, absorber thicknesses 
are conveniently expressed on a mass 
Accordingly, yu 


(gm/em?)~! = 


basis, In gm/em?, 
is often expressed in 
cm?/gm and called the mass absorption 
coefficient. 

Combination of mass absorption 
coefficients. The probabilities that a 
photon suffers an interaction process 
with atoms of different elements in an 
absorber add up without mutual dis- 
the 
sorption coefficient of a chemical com- 


turbance.* Therefore, mass ab- 
pound or mixture is an average of the 
of the 


constituent elements, weighted in pro- 


mass absorption coefficients 


portion to the abundance of each ele- 

ment by For example, for 

| part H, 8 parts O), we have 
(1/9) ua + (8/9) wo (3) 


provided the y’s are expressed as mass 


weight. 


wate! 


MH.o 


absorption coefficients. 
Half-value layer. The 

thickness, t:s, which has a probability 

\5 of letting through a photon undis- 


absorber 


turbed (i.e., which reduces the inten- 
sity of a ‘narrow beam”’ to 44) is called 
the half-value layer of the given ab- 
sorber material for the given energy of 
It follows 


monochromatic 
1 that 


gammas. 
Irom iq 
ty. (In 2)/u = 0.693/pu (4) 

since e #14 = Lé. 
Tables of mass absorption coeffi- 
Data for certain important 
substances are given in Table 1 (6). 


cients. 


The same data diminished by the con- 
tribution of Rayleigh scattering (proc- 
ess IB) are given in parentheses in 
Table 1 for convenience in applications 
where the small-angle Rayleigh process 
is disregarded. More complete data is 
given by White (6). 

As a guide for estimating the Ray- 
leigh-process deflections, one may con- 
sider that 60-70% of them fall below 





Rayleigh Scattering Angle (degrees) 


Eneraqy (Mev 0.1 1 10 
15 
20 
30 
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TABLE 3— Fraction of Incident Photon 
Energy Retained After Compton 
Scattering 
Initial photon Fraction retained 
energy (Mev) by photon 
l 861 
15 817 
2 782 
) 729 
{ 690 
5 659 
6 632 
8 592 
0 560 
5 505 
0 469 
0 423 
0 394 
0 373 
5.0 357 
0 333 
0 316 





TABLE 4—‘‘Relative Range”’ of Equal- 


Energy Electrons and Photons in 
Water 


Energy (Mev) wR 
0.1 
1.0 
10.0 
100.0 


0.004 
0.04 
0.2 
0.6 





the amounts shown in the table below, 
for the specified materials and photon 
energies. 


Sidewise Gamma-Ray Escape 
The energy of photons that experi- 
ence an interaction process in a mate- 
rial need not be entirely dissipated very 
near the point of interaction. The 
atomic particles to which the energy is 
transferred may travel some distance 
(see Energy Transport). 
tant, part of the energy of the incident 
photons is carried away in various di- 


More impor- 


rections by photons of lower energy as 
a result of processes among which the 
following are most important: 
Fluorescence. 
atomic electron is ejected by photoelec- 
tric effect (process IA), one of the outer 


When an inner-orbit 


* Exception must be made for the effect 
of chemical binding upon the contribution 
of valence electrons to Rayleigh scattering 
and for the coherent combination of Ray- 
leigh scattering by different atoms, which 
matters only under special circumstances, 
particularly in crystals 


atomic electrons will take its place and 
thereby become more tightly bound. 
The excess binding energy may be re- 
leased in the form of an X-ray photon 
(fluorescence). The probability of flu- 
orescence (as opposed to ejection of a 
second electron) (8) and the energy of 
the radiated 
functions of the atomic number of the 
Table 2 (9) lists fluorescent 


photon are increasing 
material, 
yields in the A series, which is the 
probability that an atom that has been 
ionized in the A shell will emit a photon 
of a frequency in the A series, 
Scattering. Scattered photons carry 
away a fraction of the incident photon 
energy, in the 
process (IC), or all of it in the event 
Data on 


event of a Compton 
of coherent scattering (1B). 
the average fraction of the incident 
energy carried away by a Compton- 
scattered photon, averaged over all 
angles of scattering, shown in 
Table 3. 

Annihilation. When 
appears as a result of pair production 


are 
a photon dis- 


(process INA), the positron of the pair 
eventually combines with an atomic 
electron, releasing | Mev or more, of 
energy, usually in the form of two 
photons. 
Bremsstrahlung. The 
energy transferred to 
positrons) within a 
re-radiated in the 
(bremsstrahlung). 


gamma-ray 
electrons (or 
material may be 
X-rays 


For electrons of en- 


form of 


ergy above 10 Mev, and for high-Z, 
this effect accounts for removal of most 
of the energy. At lower energies, the 
average fraction of energy radiated by 
an electron (or positron) of energy E 
(Mev) is of the order of 


Z E/1,000 (5) 


where Z is the atomic number of the 
material (10). For 
there are limited data available (77). 


higher energies 


Energy Transport 

Atomic particles provide a mecha- 
nism for transport of the gamma-ray 
energy. 

Electrons and positrons. 
the energy 
rays to a material is taken up by elec- 


Most of 


transferred from gamma 
trons (or positrons) and then dissipated 
The 


distance traveled by electrons (or posi- 


along the path of these particles. 


trons) is very small compared to the 
mean free path of gamma rays at en- 
ergies up to a few Mev, but not at 
Table 
Furthermore, the path of elec- 


11 


higher energies, as shown in 
4 (1). 








More 


certain 


critical as long as Mpair 1S small. 
data 


materials in Table 5. 


TABLE 5-—Energy Absorption Coefficients (cm’/gm)* accurate are given for 


Vaterial The values of the fractions, f, were 


KB estimated by using the relations 
energy ; 


(Mev) W ater Tron 


F«K,/hv 
Re — l/hv 
7 ty * Po(hv,T)TGr(T)dT 

0.0371 0 ’ ; ” 
0.0307 2: 5 lends | 2me*/hv 
0. 0282 hv — 2me ona. an 

0276 0595 779 a ha I, Ffhe, T°, 4 

0275 0.0485 586 [T+G,.(T+) + T-G,(T-) jadT* 

0279 0.0390 358 

0283 0.0340 241 

0287 0.0306 136 

O287 0.0293 0901 (0.0904 

0286 0. 0286(0. 0287) 0684(0. 0689 

(283 0. 0278(0. 0280 0560(0. 0566 

0278 0.0272(0. 0274) 0477(0.0483) 

(274 0. 0266(0. 0268) 0424(0.0431) 
0270 0. 0261(0. 0264 0384 0391) 
0258 0.0248(0. 0252) 0317(0.0325) 
0247 0.0237(0.0241) 0280(0. 0290) 
0237 0.0227(0.0232 0260(0. 0275) 
0229 0.0219(0.0224) 0248(0.0265 
0216 0.0209(0.0215) 0238(0. 0260) 
0205 0.0203(0.0210 0238 0264 
0192 0. 0198(0. 0208) 0253 0290 
O185 0.0198(0.0211) 0272(0.0317 
0180 0.0200(0.0214) O287 0344) 
O77 0.0203(0.0219) 0208(0. 0368 
OL76 0.0206(0. 0225) 0309(0. 0391) 
O175 0.0209(0. 0232) O319(0. 0410 
0.0213(0.0238) 0.0328(0. 0428) 


OSS 0.0252 0.0445 

10 0.0253 

.125 0.0266 

15 0.0278 

175 0.0289 

20 0.0299 

25 0.0312 

30 0.0320 

40 0.0328 

50 0. 0330 

60 0.0329 

70 0.0326 

SO 0.0321 

O0 0. O3816 

0 0.031000. 0311 

25 0.02906(0. 0297 

{ 0. 0283(0. 0284 
0.0271(0.0272 

0 0. 0260(0. 0261) 

5 0.0241(0.0245 

0 0.0227(0.0229 

0 0. 0204(0. 0208 

0 0. O189(0.0194 

0 0. OL78(0. 0184) 

0 0.0170(0. 0176) 

0 0.0163(0. 0170) 

0 0.0158(0. 0165) 

0 0.0154(0. 0161 


where Fx fluorescent yield in A 


series, Ag radiation in 
K-series, R¢ 


cident photon energy retained by pho- 


energy ol 
average fraction of in- 
ton after Compton scattering (see 
Table 3), Pc(hy,T) probability that 
Compton scattering yields recoil elec- 
T, P,(hv,T+,T-) 
probability that pair production yields 
positron of energy T* and electron of 
energy 7, andG,,(T’) 
tron energy radiated as bremsstrahlen 
Table 


without corrections for bremsstrahlung 


0269 
0257 
0246 
0236 
0227 | 
0213 
0201 
OSS 
0180 
0174 
O17 1 
0169 
0168 
0167(0.0176 


tron of energy 


fraction of elec- 


me et 


~ 


5 gives figures both with and 


> or wm SS ht 


loss. The simple law of combination 


of absorption coefficients for a mixture 


of elements, according to Eq. 3, does 
the effect of 


x 


not hold exactly when 


G,,.(T 


Is appreciable. 


* Energy absorption coefficients without corrections for bremsstrahlung loss are given in sae Moe 

The figures in Table 1 that do not include 
the Rayleigh scattering contribution were cal- 
culated by G. R. White Table 
pared by A. T. Nelms Table 5 was prepared 


by G. R. White and I. E. Hornstein 


parentheses. 





S was pre- 


trons and positrons is very tortuous, able fraction, f, of the photon energy BIBLIOGRAPHY 


especially for high-Z and below 10 Mey which is actually dissipated in the ab- 
The quantity wR in Table 4 is the 


product of the narrow-beam absorp- 


I Fano 


: 1 Principles of radiological physics 
sorber as a result of the process. R 


eport 1002 (National Bureau of Standards 
Department of Commerce, Washington 
lL). ¢ 1951); to be published in Biological 
Effects of Radiations 4. Hollaender, ed 

radiation; in the event of scattering it McGraw-Hill Book Co., Inc., New York) 
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Nelms. Graphs of the Compton 


In the event of a photoelectric effect U.S 
tion of the X-rays, (which may be re- the value of f discounts the fluorescence 
garded as the reciprocal of a range) and 
of the “true” range of electrons (meas- discounts radiation; 
ured along the track). 
Neutrons and other particles. Neu- 


a small 


counts the annihilation radiation; and p. 76 
_ A I 
energy -angle 


Nishina formula from 


tron generation absorbs only in all events it discounts the (usually relationship and the Kisin 

Accord- 10 kev to 500 Mev, 

- D Circular 542 (National Bureau of Standards, 

ingly, we define the energy absorption U. 8. Department of ( Washington 

1), ¢ 1953) 

B. R i High Energy Particles 
- : Hall New York, 1952 

Men J phMph + Sediun + Vicsbatbaste (6)  G. R. White X-ray attenuation coefficients 

from 10 kev to 100 Mev, Report 1003 (National 

U. 8. Department of 
1952) 


Rev. 81, 


fraction of the incident gamma energy small) bremsstrahlung loss. 
but 


the ejected neutrons travel quite far 


ommerce 


even under optimum conditions, 


coefficient, es, by modifying Eq. 2 to icetien, 


Protons and other charged fragments 
ejected from nuclei carry a very minor 
can be Bureau of Standards, 
Washington, D. C 
Davisson, R, D. Evans, Phys 


fraction of the total gamma energy and 
do not travel far. 


The values of the fractions, f, ; 
F ° Commerce 
estimated from theoretical and experi- ”C.M 


Energy-Absorption Coefficient 
To characterize the fraction of its 
energy dissipated by a narrow beam of 
gamma rays in traversing an absorber, 
the probability of each 
process must be multiplied by the prob- 


12 


interaction 


mental data. 

Data on frettss (for Compton processes 
only, fecttss being often indicated by a4) 
Data 
ON Men are often based on the assump- 
= fosie = 1; fon ™ 1 for low-Z 


materials, and the choice of fair is not 


are often given in the literature. 


tion fon 


404 (1951 

. E. H. 8. Burhop 
Radiationless Transitions 

New York, 

Broyles, et al., Phys. Re 
4. H. Compton, 8. K. Allison, 
Theory and Experiment p. 89 (D 
Nostrand & Co., New York, 1935) 

. G. R. White, Report 2364 (National Bureau 
of Standards, U. 8. Department of Commerce, 
Washington, D. C., 1953) 
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Effect of 





Gamma Radiation 


on Certain Rubbers 


and Plastics 


Changes produced in mechanical properties of polyethylene, 


Nylon, Koroseal, Buna-N, neoprene, natural rubber, and Thiokol 


by long periods of gamma irradiation have been measured. 


In general, elastic modulus increases, plastic flow decreases 


By JOHN W. RYAN 


General Engineering Laboratory 
General Electric Company 
Schenec lady, Vew York 


THE INCREASING DEMAND for knowl- Samples were prepared and sealed in 
edge of mechanical deterioration proc- aluminum capsules. The containers 
esses that occur when engineering were then sent to the Hanford Engi- 
materials are exposed to high-level neering Works where they were irradi- 
radiation has been given ated in the pit used for “cooling off”’ 
mpetus by more recent engineering fuel slugs. Measurements of — flux 
ipplications of the Atomic Energy intensities were made with ‘totem 
This article is concerned — pole” dosimeters over a period of time 
the mechanical changes that until an exposure equivalent to a total 
curred in some common. organic irradiation of six months at 10" 
engineering materials after exposure to y/cm?/sec was obtained. The energies 
n average gamma flux of 10"! photons of the irradiating photons varied with 
sec for a period of six months. the fission-product spectrum. 
materials tested were subjected to Figures 1-7 show the changes in the 
program designed to determine the — stre train curve observed before and 
mechanical and chemical changes that after irradiation. Samples were tested 
oceurred when the materials were according to A.S.T.M. specification 
irradiated, DSS2-46T. Hardness results, as deter- 
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mined with the Durometer “A” scale, 
are presented in Table 1. 

Table 2 presents the results of a 
modified compression set test These 
measurements were made by com- 
pressing samples of the materials to be 
tested between two washers held to- 
gether by a nut and bolt. The nut 
was tightened to a torque of 25 inch- 
pounds with an appropriate torque 
wrench. After irradiation, the nut 
was loosened, and the thickness of the 
sample was measured after a recovery 
period of 'y hr. These data were com- 
pared with controls that had a similar 
history, except for their irradiation. 
Compression set was calculated as © 


compression — set (t -t) te X 100 
13 





STRESS-STRAIN curves for the seven rubber and plastic materials tested . . . 
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FIG. 5. NATURAL RUBBER; material used was Ceylon style 387, 


Quaker Rubber Corp. 


where to = original thickness and ¢ 
thickness after treatment. 

Visual that 
Koroseal (a polyvinyl chloride poly- 
mer) and 
butadiene polymer) evolved materials 
that were corrosive to the aluminum 
containers. 
stantiated the presence of chloride ions. 


observations revealed 


Neoprene (a chlorinated 


A silver nitrate test sub- 


No observable cracks appeared in 
any of the materials. 
of flexibility 
occurred. 

Infrared analysis of the pyrolysis 
Buna-N Thiokol 


In all cases, & 


loss and luster had 


products of and 
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NYLON; material used was 3003 or 6808, E. |, duPont 





AG. 2. 
Thiokol 


THIOKOL; material 


used was PR-1 (70 Durometer), 
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FIG. 6. KOROSEAL; 
Rubber Co. 


showed them to be the same as the 
This 


gests that no selective decomposition 


nonirradiated materials. sug- 
of any of the groups in the respective 
monomers had occurred and that the 
reactions limited 


and 


degradation 
to 


pre CeSSES. 


were 
gas evolution recombination 

Solvent extraction studies on these 
two materials and subsequent infrared 
analysis indicated an appreciable in- 
crease in the amount of cross linkages. 
In the case of Buna-N, a selective de- 
softener, triethyl 


composition of a 


phosphate, was observed. 


material used was grade 116, Goodrich 


Assuming that the stre 


of linear polymeric material is due to 


train curve 


uncoiling of the polymeric chains up to 
the proportional limit and beyond this 
to of 
chains sliding past one another in the 


point consist these extended 
plastic flow region until the material 
the 
elongation curves and increase in hard- 
The 


deterioration process 1n the irradiated 


fractures,* the change in stress- 


ness may be explained as follows. 


of 
Publishing 


*T. Alfrey, ‘‘Mechanical Behavior 
High Polymers”’ (Interscience 
Co., New York, 1948) 
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FIG. 3. BUNA-N; 
Rubber Corp. 


FIG. 4. NEOPRENE; material used was grade M5565 (Fair- 
prene), E. |. duPont de Nemours, Inc. 


material used was supplied by Quaker 





TABLE 1—-Hardness of Rubbers and Plastics 


Irradiated 
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FIG. 7. 
duPont de Nemours, Inc. 


polymers results in the formation of 
which hinder the un- 
and the 
This results in an increase in 


cross 


linkages, 
coiling slippage of linear 
chains. 
the elastic modulus and a decrease of 
plastic flow in the material as compared 
to the original material. The loss of 
flow characteristics would result in an 
increase in resistance to a penetrometer- 
type hardness measuring device (such 
as a Durometer) and therefore result 
in an increase in hardness, 

In general, it has been shown that 
the mechanical deterioration processes 


resulted in a decrease of flow character- 
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Polyethylene 


40 50 
Elongation ('"/,,) 


POLYETHYLENE; material used was supplied by E. |. 





Sample 


Polyethylene 
Nylon 
Koroseal 
Buna-N 
Neoprene 
Natural rubber 
Thiokol 


Control Irradiated 
100 100 
100 100 
91 100 
6 05 
100 
89 





TABLE 2—-Compression Set of Materials Tested 





Sample 
60 70 Buna-N 
Polyethylene 
Thiokol 
Koroseal 
Natural rubber 


the materials tested. Gas 


evolution also occurred, as evidenced 


istics of 


by a buildup of pressure in the con- 
tainers; unfortunately neither quanti- 
tative nor qualitative measurements 
of the gaseous products could be made. 
It should also be realized that depoly- 
merization and polymerization could 
contribute to the degradation. 


* * * 


The author wishes to express his apprecia- 
tion to E. L. Mincher for preparation of the 
sample and to D. L. Harms for inter pretation 
of the infrared spectra. The work reported 
here was done under AEC contract W-31-109 
Eng. 62. 


Control (% Irradiated (%) 
39 47 
3. 7 
3Y 14 
10 
23 








THE COVER 


Effect of radiation on materials is 
also being studied at General Elec- 
tric’s Research Laboratory. Tung- 


sten target is removed from mil- 
lion-volt resonant-transformer X-ray 
apparatus so that electrons can be 
produced. A Se w seconds exposure 
is adequate to change physical char- 
acteristics. of polyethylene so that it 


will withstand sterilization at 121° C. 











Lumped Reflector Parameters 
for Two-Group 
Reactor Calculations 


Many reactor calculations can be simplified by combining reflector properties in 


the three parameters derived here. 


Application to such problems as comparison of 


reflector configurations and circuit constants in electrical analogs is shown 


By DANIEL FIENO, HAROLD SCHNEIDER, and ROBERT B. SPOONER 


National Advisory Committee for 
Lewis Flight Propulsion Laboratory 
Cleveland, Ohio 


THE ANALOGY between the 


physical concepts and equations for the 


CLOSE 


diffusion of neutrons in a reactor and 
the flow of 
transmission line suggests the applica- 


current in an electric 
tion of already developed electrical 
engineering techniques for handling 
problems connected with reactor design 

The use of lumped electric circuit 
elements to approximate a continuous 
transmission line has been successfully 
employed to simulate the diffusion of 
neutrons by electrical analog simulators 
(1). In the 
fluxes and the diffusion currents are 


analogy, the neutron 
simulated, respectively, by the electri 
potentials and currents of the trans- 
mission line. 

The analysis and examples given 
here describe an additional transmis 
sion-line concept that can be applied to 
the one-dimensional solution of the 
neutron-group equations 

The neutron diffusion, absorption, 
and moderating properties of the mate 
rial in a passive reactor zone of finite 
extent give rise to a particular relation 
between neutron fluxes and diffusion 
current at the interface between that 
medium and an adjacent reactor zone, 
The diffusion of into the 


16 


neutrons 


Leronautics 


passive zone can be treated in identical 
manner to the flow of current into an 
transmission line 


analogous electric 


connected to an unspecified sending 
The transmission line is ordi- 
definite 


length, terminating impedance, char- 


circuit, 
narily characterized by a 
acteristic impedance, and attenuation 
constant. To specify its reaction on 
the sending circuit, the line is replaced 
by an equivalent sending-end imped- 
ance that behaves like the line with 
to its 
electric circuit. 


respect reaction on any other 
The neutron reflector, 
similar set of 


when described by a 


properties, can be treated in the same 
analytical manner as the transmission 
line, 

In the 


the only 


two-group approximation 
processes occurring In a& pas- 
the reflection of 
and the 


moderation of fast neutrons and thei 


sive reactor zone are 


fast and thermal neutrons 


reflection as thermal neutrons. A 
minimum of three reflector parameters 
will, therefore, describe the action of 
trans- 
this 


intro- 


the passive zone. The use of 
mission-line-like 
set of three 


duces the following advantages 


properties gives 


parameters and 


1. Reflectors or general passive zones 


with structures based on usual engi- 


neering requirements can be directly 
compared by a consideration of these 
connection with 


three parameters in 


the requirements imposed by the 
reactor core, 
2. The 


diffusion 


definition of a  neutron- 


impedance for a_ reflector 
region is immediately applicable to the 
Here, the reflector 


network is actually replaced by a single 


reactor simulator. 


resistor or combined resistor and cur- 
This leads to 


simplification and more rapid opera- 


rent source, great 
tion of the simulator. 

3. The effective replacement of a 
reflector by suitable properties applied 
at the core-reflector interface suggests 
the use of these properties in numerical] 
calculations to define new boundary 
conditions applied only to the neutron 
flux in the reactor core. This simpli- 
fied boundary-condition concept for a 
simply reflected reactor leads to a set 
equations in place of 
The 2 X 2 


derived 


of two boundary 
the usual four equations 
criticality determinant from 
the boundary equations is, however, of 
approximately the same complexity as 
criticality 


the ordinary determinant 


in order to a 2 
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reduced 2 determi- 





nant. The simplified boundary condi- 
ns are especially useful when applied 
There 
no Increase in the complexity of 
eats 


to a multiregion reflector (2). 
s then 


the crit determinant. 


Neutron-Diffusion Properties 


Che definition of characteristic diffu- 

operties for a neutron-reflecto: 
is based on the neutron- 
applied to the 


equations 


region Ol a reactor segment 


center at the origin of the 


equation for the fast-neutron 


m dd, fi 
— wr" Eu, s 
r dr 


Nes 
3 
the constant w determines the 


a-Qy 


wr™ 


B’g; =0 (1) 


size of the reactor segment considered; 


and 1, 2, or O depending on 


whether the reactor geometry is cy- 


lindrical, spherical, or rectangular, 
respectively. 

Che factor wr” serves to make Eq. 1 
a neutron-conservation equation appli- 


to the entire reflector segment, 
with the 


electric-transmission-line 


and permits a comparison 
AnALOZOUS 
with a direct numerical 


equat on, 

equivalence of terms. 

The 

the list of 

constant B, 
mnfigurations having finite linear di- 


nuclear constants are defined in 
The buckling 


applies only to reactor 


S\ mbols. 


nensions in other than the r-direction. 

Equation | is similar in form to the 
equation for the potential on the non- 
electric transmission line with 


leakage 


iniform 
listributed 
n Fig. 1. 

length (rm 


resistance and 
shown 
has a 


The line of — f.) 


series resistance per unit length of 
R " and a shunt conductance per 
length of r™o,7. A potential @, 


is.applied at the sending end of the line 


unit 
it r.. The terminating impedance on 
the line is zero or infinite for the re- 

0 or 0@;(%) Or = 
These 


orrespond, respectively, to those for 


quirements @y(7) 
0, respectively. requirements 
a finite neutron reflector bounded by 
a nonreflecting region, or to a perfect 
reflector or identical image reflector 
region and source of neutrons. 
Equation | transforms to the trans- 
mission-line equation by the definition 
of the following quantities 
R ; Gos = was + ee = 
wer, f 3 
(2) 


Vol. 11, No. 8 - August, 1953 


The transformed Eq. 1 is then 
io 


dr? =r dr 


m dd : 
> Go Rod 0 (3) 


Two combinations of the quantities 
defined in Eq. 2 appear in Eq. 3 and 
its solution. Therefore, let 


Ro Avo ; (4) 


Jecause of their transmission-line ana- 
logs, these quantities are defined as a 
fast-neutron characteristic impedance, 
Zo, and a 


constant, a 


fast-neutron attenuation 
The neutron balance equation for the 
thermal-neutron group transforms into 


a transmission-line equation 


d*dur m ddy ( R 
dr? r dr ¥0,ht60,thPth 


Ro Gers) 
with the definition of thermal parame 
ters corresponding to those given in 


Eqs.2and4. An additional parameter 


Ge WPtiXMa (6) 


FIG. 1. Transmission line with distributed 
resistance and leakage 


Symbols Used 


buckling constant for directions 
normal to r 
undetermined constant 
neutron conductance defined by 
Eq. 2 
neutron transconductance defined 
by Eq. 6 
neutron diffusion current at point r 
0, 1,2 
reflection parameter defined by 
Eq. 13 
neutron resonance escape proba- 
bility 
neutron diffusion resistance defined 
by Eq. 2 
distance variable 
over-all reactor radius 
position of core-reflector interface 
= reflector impedance 
characteristic impedance of re- 
flector material 
attenuation constant of 
material 
neutron transport mean free path 
macroscopic neutron absorption 
cross section (includes slowing in 
fast group) 
general function 
= neutron flux at point r 
reactor-segment size factor 
fast-neutron group 
thermal-neutron group 


reflector 


gives a thermal-neutron source on the 
right-hand side of Eq. 5 equivalent to 
a current introduced per unit length in 
an electric transmission line 

The general solutions of Eqs. 3 and 5 
for the fast- 
fluxes, respectively, are 


o;/(r) 


and = thermal-neutron 


by Pla r 
andl 


Ou (Tr) 


CyPl(aur) 
du Ro uC Playwr 


a,;* an” 


where C, and Cy are constants deter- 
flux at the 


and ®P(a,r) 


mined from the known 
reflector-core interface r 
and ®(ayr) are the homogeneous com- 
ponents of the general solutions of 
Eqs. 3 and 5, respectively, for the par- 
ticular geometry and boundary econdi- 
tions in question. Specific values of 
P(ar) and ®’(ar) are given in Table 1 of 
reference 2 for various boundary con- 
ditions and geometries 

The net 


rent, J,(r), in the positive r-direction 


fast-neutron diffusion cur- 


at any point in the reflector is 


—r™” do,(r) C; 
r@ - 


T,( 
] Ro, adr 


?' (a,r) 
(9) 


and the net thermal-neutron diffusion 
current, 7,(r), is 


r™ doy (r) 


T(r) 
Row dr 
~o ff P' (ayr) 
A 0. th 
r”"de (Ca p' (a r) 
; ; (10 
a; ay" 
where 
go 
\Plar)! 


?’ (ar) 
d(ar) 


The general function ®(ar) leads to 


two reflector-impedance parameters 


defined by 
Zos P(ayr) 
Z,(r) - ; (11) 
r™ &'(ayr) 


Zo.th Play r) 


jo ®P' (ar) 


Zulr) 


diffusion current 


1.” 
| he 


at the reflector boundary is then given 


fast-neutron 


by 


T(r.) = /(r.)/Z(r-) 


and the thermal current is 


du (r.) 
Zult-) 


Pu te) 


Ture) Z Ar.) o,(r.) 


where Py, /(r.) is a reflection parameter 
defined by the following expression: 
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reflectors 


Fast- and thermal-neutron impedances for beryllium and water 
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FIG. 3. 


Reflection parameter 
Pu ne ) 


Ro,s Z/(r-) ( gu.pRow ) ; 
3 Row is Zurlt-) a; ap” is 
Illustrative values of Z;(r), Zy(r) 
and Py, ;(r) are plotted in Figs. 2 and 3 
for various thicknesses of simple water 
and beryllium reflectors for a spherical 
geometry and a core radius of 30 em. 
The neutron the 
reflector zone are therefore linear func- 
tions of the fast- and thermal-neutron 
fluxes at the reflector boundary 


currents entering 


Application of Parameters 


satistactory 


A group of reflectors 
from an engineering and nuclear stand- 
point can be further compared by a 


knowledge of Py.s, Z,, and Za, 
18 


which 


for beryllium and water reflectors 


the over-all 


These quan- 


give a description of 
behavior of the reflector. 
tities are particularly useful for a com- 
parison of reflector properties in the 
case of a multireflector reactor where 
the problem is difficult to solve by 
ordinary two-group methods. 
Simulator operation using reflector 
porameters. In a_ typical reactor 
determination, the  fast- 
neutron reflector network is replaced 


criticality 


by a fast-neutron resistance equal to 
Zy(r that the 
network for the active zone. 

ments made on the network will then 
inelude that of the current through this 
The thermal- 
the reactor 


terminates electric 


Measure- 


terminating resistance. 


neutron network for core 


is terminated by a resistance equal to 
Zurlfe), diffusion 
impedance. In 
Pur,(Te) 


through the reflector fast-neutron re- 


the thermal-neutron 
addition, a current 


multiplied by that measured 


sistance is introduced at the terminal 
point of the core network. 
The reflector 


yive 


over-all 
the 
simulator operation: 

1. The network sections ordinarily 


parameters 


following advantages in 


assigned to the reflector can be used to 
give more detailed information of the 
neutron distribution in the reactor core. 

2. The reduction in time required to 
set one resistor value and one current 
value in contrast to a large number of 
reflector 


network greatly simplifies the opera- 


adjustments required for a 
tion of the simulator. This feature is 
especially useful for reactor calculations 
the 
parameters by iterative processes. 

. 4 Various 


ploved in calculations by 


involving adjustment of core 


reflectors can be em- 
the simple 
readjustment of one resistor value for 
each neutron group. 

4. If a detailed variation in flux for 
a multizone reflector is required, the 
analytical expression with boundary 
values measured on the simulator gives 
more complete information than can 
be found with most practical reflector 
networks. 

Numerical method. 


12 can be used to give new boundary 


equations 9- 
conditions on the fluxes at the core- 
reflector interface. This will lead to a 
2 & 2 determinant, which is approxi- 
the 
1 de- 


terminant with 4 boundary conditions. 


mately equal in complexity to 


reduced form of the ordinary 4 


For a single core, having internal and 
external passive zones, the concept of 
reflector impedances and a Py, /(r) leads 
toa 4x4 
increase in the order of the determinant 


determinant; there is no 
due to the addition of more passive 


zones. The conventional solution to 
the same problem requires an 8 X 8 
determinant with 4 additional rows and 
columns for each additional passive 
considerable saving 
effort time 
should the the 


reflector-impedance method instead of 


zone. Thus, a 


in computational and 


result from use of 
the conventional method of solution of 


this particular problem. 
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Age Determination of 


Uranium 


Minerals 


by the Pb-210 Method 


if the ratio of Pb*’’ to Pb*’’ is known, 


the ages of uranium minerals can be calculated. 


Theory and experimental method for 


measuring the ratio are described here, 


and results for minerals from a number 


of classic localities are presented 


By J. LAURENCE KULP, 
WALLACE S. BROECKER, and 
WALTER R. ECKELMANN 

Lamont Geological Observatory 

Columbia University 

Palisades, New York 


MEASUREMENT OF the ratio of the 
quantity of Pb*°° to the quantity of 
Pb?!’ contained in a uranium mineral 
provides a method of determining the 
age of the mineral. 

The method, which would also pro- 
vide a check on possible leaching of 
uranium, was first suggested in the 
literature by Houtermans (/), and was 
recently shown to be valid for Belgian 
Congo pitchblende by Begemann et al. 
(2 The 


authors was to establish the method as 


main purpose of these 
a simplification of the classic, ‘erude,” 
which consisted of 


They did 


not discuss the problem of contamina- 


lead method, 


age 


measuring the ratio Pb/U. 


tion by common lead, nor the use of 
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the Pb?°*/Pb?"® value as a criterion of 
leaching. 
The age of uranium bearing min- 
been determined by 
measuring the Pb*°6/U248, Pbh27/[25 
and Pb?°7?/Pb?°. values. The Pb? 


Pb?°* value is virtually unaffected by 


erals has also 


leaching of uranium late in the history 
of a mineral, which would point to the 
207 / 206 
were it not for the extreme sensitivity 
to such 


age as being most reliable, 


of this age factors as radon 
leakage, common-lead corrections, mass 
spectrometer error, and the half-life of 
U**, This particularly 
acute for 500-million 
years (Cambrian period) which con- 
stitutes the 
most fully described. 


problem is 
than 


ages less 


part of geologic history 


Theory 


The age of a uranium-bearing min- 
eral can be determined by the ratio of 
any one of the members of the decay 
series to the stable end product, pro- 
viding the series is in equilibrium. 
Previous methods have employed the 


ratio of one of the uranium isotopes to 


}—— 


= 
}— 
. 


200 300 400 


Time Since Separation (days) 











es : 
| 
Dy 
| 


FIG. 1. Approach of Po*!” to equilibrium 
with Pb?!” 


its respective lead isotope. Equally 
would be such 
Ph2*,) Po™ 4 or 


However, the evaluation 


theoretically, 

ratios as Pb?*/Ra®*®, 
Phy 2% Ph?! 
of each ratio involves practical diffi- 


good, 


culties; the half-lives may be too short 
or the chemical purification may be too 
complicated. 

The Pb***/Pb? method is uniquely 
satisfactory for several reasons: 

1. It is not necessary to carry out a 
quantitative analysis for uranium ot 
lead. 

2. The 
is quite simple. 

3. It is actually difficult to 
taminate the sample because the other 


radioactivity measurement 


members of the series, which might not 
be completely removed by chemical 
separation, either have such short half- 
lives that they would have decayed 
by the time the sample was counted or 
have such long lives that their con- 
tribution to the total activity would be 
negligible. 

4. The 
22 yt. 


5. Since 


half-life of Pb?" is about 


readily 


19 


uranium is more 





leached than is lead or thorium, the 
Pb?"*(RaD) should be in equilibrium 
with the 80,000-yr Th?*°(lonium 


after an appreciable quantity of ura- 


long 


nium has been removed. 

6. The chemistry involved is held 
to a minimum because the same sample 
analysis 


used for a spectrometer 


can be counted with no additional 
preparation, 

The fraction of Pb?°* in the sample 
is determined by isotopic analysis of 
the lead. If no 
appreciable thorium is present in the 
Pb?" may be 


without 


common lead or 
mineral, the fraction of 
estimated to a few per cent 
mass analysis for comparatively young 
Thus, 
were able to obtain satisfactory ages 
on the Belgian Congo deposit without 


(9 


samples, Begemann et al 


mass analysis. In most cases, how- 


ever, these uncertainties are much too 
that 


isotopic composition is Imiper itive for 


large, so measurement of the 
the reliable use of this method. 

After the lead of the mineral is sepa- 
rated from the other 
first contains Pb?!*(RaB), Pb?!°(RaD), 
Pb?""(AcB), Pb?°*, Pb?°7, and, if the 
mineral contains thorium, Pb?!*(ThB) 
and Pb?, After a few hours the Pb?!'4 
ind Pb?!!, with their decay products, 
will have disappeared, and, after two 


elements it 


days, even the Pb?!? will be negligible. 

This leaves only Pb?!° with its decay 
products Bi??? and Pb*!®, Pb?!°(RaD) 
is a weak beta emitter (0.025 Mey) 
with a half-life of 22.2 yr. Bi2"°(Rak 
isa strong beta emitter (1.17 Mev) with 
a half-life of 5.02 days, and Po?!®(RaF) 
is alpha active (5.30 Mev) with a half- 
life of 138.3 days. 
concentration of Pb?"® can be measured 


In principle, the 
by the activity of any one of these 
three isotopes if the time since separa- 
tion of the lead is known. Each 
presents a separate problem 

The Pb?” emits such a beta 
that it should be counted in an internal 
Lead tetramethyl, which 


weak 


gas counter. 
can be prepared on a micro scale (3), is 
a suitable counting gas in low concen- 
tration and, hence, mixed with argon 
and ethylene, can be used in standard 
gas counters. That this method can 
be used to estimate the concentration 
of Pb?!” has been demonstrated in this 
laboratory. However, it is not an 
‘“asy or practical method for several 
reasons: 

1. The absolute 
must be known. 

2. The quantity of lead introduced 


20 


counter efficiency 


into the counter must be accurately 


determined. It can be determined 
from a knowledge of the vapor pressure 
of Pb(CHs), if the 


Is highly 


micro 
Another 


to carry out a microanalysis 


quantity 
purified. method 
would be 
for Pb in the counting gas alter the 
Kither method 
is time-consuming and difficult 

3. The 


mostly 


counting is completed. 


immediate decay products 


tak) are solid, and they 


deposit in the counter. This quickly 
raises the background to an unsatis- 
factory level. 

The Bi®® can be 


greater ease, as was done by Begemann 


measured with 














FIG. 2. The age relationship (second term 
in Eq. 8). Upper curve is continuation of 
lower curve 


(2). Considerable effort is required in 
this method to obtain radioactively 
pure lead half-life of Th?*4 
(UX,) 24 days and, with its 
immediate product Pa**4(UX,), is a 


since the 


is about 


strong beta emitter. 
After 


allowed to stand for 


purification, the lead salt is 
several weeks so 
that equilibrium is established between 
the Pb?!°(RaD) Bi?!*(Rak). 
The Bi?! then be 


readily measured in a dip-finger solu- 


and the 


betas can 


strong 

tion counter. Common lead and bis- 
added in nitrie acid solution 
effects. In 
arrangement, the geometry is entirely 


muth are 
to avoid wall such an 
reproducible but the density of the solu- 
tion must be independently determined. 

The absolute efficiency of the counter 
be obtained with standard solu- 

This 


producibility of a few 


must 


tions method, which gives re- 
percent, 1s 
entirely usable but does require more 
elaborate chemical purification than 
the method to be described next. 

If several months pass after the sepa- 
PbCl. from a 


Po?! 


Generally, 


ration ol radioactive 


mineral, the alphas can be 
equilibrium — is 
138.3 days), but 


enough time can be taken to allow all 


counted 


not achieved (ty 


other decay. 


The solid alpha counting can then be 


interfering Isotopes to 
done in a few minutes without modify- 
ing the lead salt in any way. 
Calculation of the age. In de- 
riving an expression for the age, 7’, of 
terms of the Po?! 
activity, the Pb*!® concentration, and 
the time, ¢t 


convenient to use subscripts to denote 


the mineral, in 


since separation, it will be 


members of the decay series. The 
subseripts is as follows: 
Pb?!°(RaD), C 


’ and k 


scheme of 
A U245(UT), B 
Bi7!*(Rak), D Po Rak 
Pb?°8(RaG 

The number, Np, of Po 


present at a time ¢ after separation can 


atoms 


be shown by standard methods to he 
given by 


ft 


(Ac Ap (A A B 


d 


f 


(Ap Ac) (Ap Xi 


(| 
(Ag - Ap (Ac =| 


where N,’ is the number of B atoms 
att (). 

Since the half-life of Pb?!® is 
greater than that of Po?! and Bi?" we 
have Ax <Ac and Ag K Xp. 

Also, if ¢ is small with respect to the 


much 


= 1 


half-life of Pb?!® (or <2 vr), e># 
Furthermore, if the time, ¢, since sepa- 
= ©). 


ration is a month or more, ¢ 


Therefore, 


If secular equilibrium existed in the 
radioactive mineral, then, at the time 


ol separation 


ABN a’ = NaN,’ 
Pe N 4%" 
NaN 4% 


Vet 
Ap 


Since the sample to be counted is 


Ph?°s 


fraction of Pb*°* is known, it would be 


predominantly and since the 


more convenient to have Nx,’ in terms 
of the number of Pb? 
att 0 (Ne’) than the number of U**8 
atoms at 7’ 0. 

For T > 


atoms present 


10-million v1 


N ” = \ 4 
NA%( 
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substitution in igs. 3, 


Aa N x’ e7eat 


Vp’ 
WY (l —« 


Hence; from Eq. 2, 
NaN er’ é 
Ap 


ny = Ap 


$f, and 5 land (4). The lead chloride, which 
has been separated from the uranium 
mineral by standard chemical pro- 
a7) cedures, is finely ground and placed in 
a tray | cm? in area. This tray is 
inserted 'go in. below a 5819 photo- 
multiplier tube (13-cm? sensitive area) 
that is coated with Patterson type-D 
silver-activated ZnS phosphor. The 
counting rate reproducibility of such 
an arrangement is better than 1%, 


lherefore, the alphas produced per The accuracy of the measurement of 


minute by the Po?!® at any time tafter absolute alpha activity depends on the 


separation of the Pb?!® from a mineral calibration, which should be done by 


T vears old is given by 


Nc — Abd 


using lead chloride with known con- 
centrations of Pb?!® or Po?!. 

The calibration can be done in 
several ways. In the first method, an 


dot (8) accurately known quantity of radon is 


allowed to decay to Pb?!®, and weighed 


Thus, if the number of alphas pro- quantity of soluble lead salt is used to 


duced in a sample, the time since sepa- extract the Pb*!° and act as a carrier. 


ration, and the per cent 


Pb2°? are The lead is then precipitated as PbCl, 


known, the age T is the only remaining which is used for the calibration. 


Vial inble 


Another, less desirable, method is 


Figure 1, a plot of the last term of — to add trace quantities of Po®!® to non- 


| q. S against t. shows the approach to radioactive lead chloride. A third 


equilibrium of the Po?! 


after the method of determining the counter 


separation of the lead. Figure 2 gives efficiency for Po*!’ alphas in PbCl, 


the final age relationship, the second consists simply of measuring the alpha 


term n kq s 


activity of the lead chloride of a 


mineral of known age. 


Apparatus and Procedure is: Geek neat 


using several 


The absolute alpha activity of the — pitchblendes of known age, is the one 


Po?!’ is measured by the thick-source that was used for preliminary calibra- 


scintillation counting technique de- tion. The absolute efficiency deter- 


bed by Kulp, Volehok, 


and Hol- mined in this manner was 67.7 + 2.2% 





Comparison of Pb*’" Pb*'® Ages with ‘‘Best’’ Age 


Vineral 


Pitchblende 


Pitehblende 


Pitehblende 


Samarskite 


Pits hblende 


Uraninite ore 


Pitchblende 


Uraninite ore 


Uraninite 


concentrate 


Uraninite ore 


Lor ality 


German Mine 
Central City, Colo 
Rickards Mine, 
CGulpin Co., Colo 
St. Joachimsthal, 
Czechoslovakia 
Wiseman Mine, 
Spruce Pine, N.C 
Katanga, 

Belgian Congo 
Nicholson Mine, 
Saskatchewan 
Contact Lake, 

N. W. Territory 
Eldorado Mine, 
CGireat Bear Lake 
Witwatersrand, 
So. Africa 

Eagle Mine, 
Athabasca 
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The fraction of Pb?°* in the sample is 
determined from the isotopic analysis 
After the Pb?'® measurement has been 
carried out, the PbCl, sample is con- 
verted to Pb(CHs)y. The lead tetra- 
methyl is isotopically analyzed in a 
Nier-type 60-deg mass spectrometer. 
These procedures will be described 


elsewhere (4). 


Results 


The results of measurements on a 
number of samples are given in the 
table. The ages obtained by the Pb?!" 
method are listed along with the ‘ best”’ 
age. The latter is the age determined 
from an analysis of the available 
206/238, 207/235, 208 232, and 207 
206 values for the locality involved. 
The primary sources for this analysis 
are the papers by Nier (6), Collins (7), 
and Kulp (4). The data used in 
arriving at the “best” age were 
weighed according to their probable 
errors. In general, the 206/238, 207 
235, and 208/232 ages are considered 
more reliable than are the 207/206 
ages, 

It is seen that the results are in 
excellent agreement over a range of 
ages from 60- to 1,400-million vears, 
which establishes the validity of the 
Pb?'® age method as described 

Further, the consistency shows that 
the effect of leaching on all of these 
samples has been negligible. If ura- 
nium were leached from the mineral, 
the “best” age, which is largely 
derived from 206/238 and 207/236 
ages would be high 

The Pb? age is independent of 
radon leakage if the radon leakage has 
heen constant Therefore, the agree- 
ment between 206 238 and 206/210 
ages suggests that radon leakage could 
not have been more than a few per cent 
for this type of uranium mineral 

* »® 


This paper Lamont Geological Observa- 
tory Contribution No. 8&9 The work was 
made possible by support from the Division 


of Research, Atomic Energy Commission 
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Deposition of Airborne 
Radioiodine Vapor 


Radioiodine vapors in the air can be a hazard if absorbed by vegetation. 


Measurements of the rate at which the isotope is deposited on or absorbed by 


grass are described, and permissible output from stacks is calculated 


By A. C. CHAMBERLAIN and 

R. C. CHADWICK 

Atomic Energy Research Establishment 
Health Physics Division 

Harwell, England 


THE ABSORPTION (or adsorption) by 
vegetation of volatile fission products 
released from radiochemistry labora- 
tories or atomic energy chemical sepa- 
ration plants may give rise to potential 
hazards. Todine-131 is 
important in this respect because: 

1. It has a high fission yield. 

2. Although 


temperatures, it is strongly absorbed 


particularly 


volatile at ordinary 
or adsorbed and held by cellulose-like 


materials and by dusts, when in 
carrier-free form, 

3. It is concentrated in the thyroid 
glands of animals, its maximum per- 
missible level in the human body being 
no more than 0.3 ye; maximum per- 
missible level in air for continuous 
breathing is 3 & 10-%ue/em? (1). 

The determination of the maximum 
permissible level of I'*! over pasture 
land requires the determination of the 
maximum permissible level in grass, 


Parke 


which ['! is 


which has been considered by 
rate at 
deposited on or absorbed by grass from 
which is the subject of the 


(2), and the 


the air, 
experiments described here, 

It was not intended to study the 
eddy diffusion of the vapor in the air, 
for which an adequate theory exists 
(3), except in relation to the deposition, 


Dissemination, Collection of |'°' 
At each trial, 
free* I! in carbon tetrachloride was 


elemental, carrier- 


sprayed up as a mist of minute droplets 


* The I'"', prepared by irradiation of tel- 
lurium, contained up to 5ug/me of inactive 
iodine, due to impurities in the tellurium 
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from a Collison spray, at a height of 
The 


evapo- 


50 em above a grass airfield. 


carbon tetrachloride rapidly 
rated as the cloud passed downwind 
towards the sampling positions (Fig. 
1), leaving a vapor of iodine. 

The liberated 
period of about 20 min, and during the 
this the cloud 


sampled at selected points downwind 


source Was ove! it 


whole of time was 
by drawing air at a known rate through 
caustic soda bubblers, by means of 
injectors fitted to compressed-air bot- 
tles 


time integral of the volumetric con- 


The air samplers measured the 


centration of activity, or dosage, as it 
will be called. 

Samples were taken at heights of 
25 and 50 em above ground, except in 
the first experiment in which sampling 
The 
at 50 cm was, on the average, 


a few per cent higher than that at 25 


was at 25 cm only. dosage of 


activity 


em, but individual random variations 
between sampling positions were Con- 
siderable, and, to reduce random errors, 
the means of air samples at each posi- 
tion have been used in the analysis. 
Near the volumetric sampling points, 
Petri dishes containing 9-cm disks of 
Whatman No. 4 filter 
exposed. Preliminary experiments had 
shown that the filte 


paper were 
paper acts as a 


very good absorbent for carrier-free 
['! vapor, with negligible loss by re- 


The 


['§! activity on the papers could be 


evaporation. estimation of the 


done very simply by end-window 


counting, and the papers provided a 
convenient index of the physical factors 
influencing deposition. 

Grass samples were taken by mowing 
as closely as possible 1 ft? of ground. 
In the earlier experiments, the activity 
in these samples was estimated by 


chemical extraction following chromic 


acid oxidation of the vegetation, but 
late! 
accurate to count macerated samples 
This 


method was used in the last three trials 


it was found easier and more 


under an end-window counter. 


and enabled more samples to be 


analyzed with a reduction in the error 


of the mean 


Layout of Trials 
The 


points 


sampling 
In the 


first trial, two ares were set up, at 15 


deposition of the 


varied between trials. 


and 30°’ meters from the source, suffi- 
cient to cover the whole width of the 
cloud of I! 
were taken in the nearer are only. In 


' although grass samples 


the later experiments, the number of 
sampling points was reduced, as it was 
thought to duplicate the 


measurements at each point, and the 


Important 


full width of the cloud was not sampled 


in every cause 


Results of First Trial 
The 
full, 


results of 


first trial will be described in 
and a 


the others. 


given of the 
The first trial 


satisLactory as 


SUMIMaAPY 
was not the most 
regards the grass measurements, but 
it included complete filter-paper meas- 
urements from which some general 
conclusions could be drawn 

A solution of 27 me of 
I'*! in tetrachloride 
was used, but an unknown fraction of 
the activity behind after 


the solution had been sprayed up; pre- 


carrier-free”’ 
carbon solution 


remained 


sumably it was adsorbed on the glass. 
The dosage of I'*! 


measured at 


activity at 25 em 


above ground, points 
spaced 1.5 m apart on the 15-m are, 
and 3 m apart on the 30-m are, is 
shown in Fig. 2. The deposition of 
to the filter Petri 


measured at the same points, 
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activity papers In 


dishes 





FIG. 1. 


The 


curves of best fit are drawn in. 


Gaussian 
The 


fit is reasonable for the 15-m are and 


n Fig. 3. 


good for the 30-m are 
» The 
described by parameters, the 
distance of the of the 
from the zero point on the are, and the 


crosswind distribution can be 
two 
center curve 


standard deviation. The parameters 


of corresponding curves are nearly 
as shown in Table 1. 
that the the 


amount ol dey sited activity per square 


identical 

It follows ratio of 
centimeter to the dosage of activity per 
constant 
This ratio, 
has the dimensions of velocity, 


cubie centimeter of air Is 
along the sampling ares. 
whicl 
will be called the velocity of deposition. 
Since the velocity of deposition is not 
dependent on the dosage, in the range 
follows that the 


absorptive capacity of the paper is not 


the xperiment, it 


iting factor on the deposition. 
average velocity ol deposition 
to the ratio of the areas under 
orresponding curves of Figs. 2 and 
(lternatively, a mean value can 
obtained by averaging the ratios of 


lual readings, and this has the 

















FIG. 2. 
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Radioiodine in air 


Sampling apparatus in position on airfield 


advantage that the standard error of 
the mean can be deduced from these 
values. Table 2 shows this data for 
the first trial. 

The 


significantly different in the two ares, 


velocity of deposition is not 
which suggests that the gradient of 
the 
ground, and other factors determining 
had 


time 


activity with height very near 


stable 


had 


reached a 
the 


the deposition 
state by the 


reached the nearer are 


cloud 


Measurements of I'*! activity on the 
grass were made at four points only, 
midway between air-sampling 
The 
density of herbage was 50 mg/cm? of 
The 


pressed as micromicrocuries per square 


posi- 


tions on the 15-m are. mean 


ground. activities found, ex- 
centimeter of ground, are compared in 
Table 3 with the air dosages read off 
from the 15-m-are graph of Fig. 2. 
The velocity of deposition to grass 
that to filter 


The mean value is 1.91 em/sec, 


is more variable than 
paper. 
and the standard error, if an estimate 
can be made with only four readings, 
0.32 cm/sec. 

The velocity of deposition to grass, 
per square centimeter of ground, was 
three times that to filter paper in Petri 
this that 


has a affinity for 


dishes, but does not 
leaf 


iodine than has 


mean 
grass greater 
paper. The area of 


leaf growing on | cm? of ground is 


much greater than 1 em*. This point 


will be returned to later. 


Meteorological Data 
The wind velocity profile is shown in 
Fig. 4. 


wind speed against 


The method of plotting the 
and the 


symbols, are those commonly used in 


height, 


studies of the meteorology of the lower 
and are 
(4). The 


atmosphere explained — by 


Sutton relation between 


wind velocity, u, and friction velocity, 
* 


, 18 


d) /2o 


u/v* = (1/0.4) log (2 


The correction, d, to the height, z, 
above the ground, which is necessary 
to allow for the layer of still air trapped 
in the grass, had the value 10 em. It 
was determined empirically as the cor- 
rection necessary to reduce to a 
straight-line plot values of u and logz 
obtained in a number of profile meas- 
urements. The lapse rate for trial 1 
F in 30 ft. 


The roughness parameter, 


was 1.4 
Zo, Was 
found to have the value 2.8 em, which 
the 


Sutton for moderately long grass 


is in range of values given by 
Results of All Experiments 

In Table 4 the results of all the field 
The last 


were done on the afternoon and evening 


trials are summarized. two 
of the same day on adjacent parts of 
the airfield, and the nature of the ter- 
both 


although the wind velocity and light 


rain was therefore the same for 
conditions were different. These two 
trials, and trial 1, were done when there 


was a good growth of grass, which is 

















FIG. 3. 


Radioiodine on filter papers 








TABLE 1 
Distributions (Trial 1) 


Ordinate 
of center 


(mm 


Volumetric activity, 
15-m are 

Deposited activity, 
15-m are 

Volumetric activity, 
30-m are 

Deposited activity, 
30-m are 


Parameters for Crosswind Activity 


Standard 


deviation 


TABLE 2— Velocity of Deposition 
to Filter Paper (Trial 1) 
15-m 


are 


Ratio of area 
under curves 

Mean of ratios 
of individual 
readings 

Standard error 


of mean 


TABLE 3—Velocity of Deposition to 
Grass (Trial 1) 


Distance 
Aur Velocity 


dosage 


from Actwity 


center of in grass or 


arc em? (apc deposition 


sec 


bya 


ground cm) (cm, 8éc) 





TABLE 4——Summary of Results of Experiments 


Weight of 

grass 

Time wel 
Trial (G.M.T.) Date (ma/em 
1820 5 
1700 8 
13000 3/7 
1700 
2200 


ay 
50 
51 
8 51 
SS 51 


, Sun 

elo 
, sun 
, sun 


, nea 


Wind velocity 
CHL, 8et Fr 
/ 


velocily 


riction 


(CHL 86 


( 


No ho — & bo 


Roughne 
paramete 


" 


ocuy of de position ( 


lo grass per unil 


area ot ground To filler paper 


/ 


Vean S.E, Vean S.E. 
0.64 
0.72 


0. O4 





high value 
Trials 
2 and 3 were done at times when the 


the 


reflected in the relativel 
of the roughness parameter z 
growth had not recovered from 
annual hay crop. 

The rate of deposition of the iodine 
on the vegetation is probably affected 
by (a) aerodynamical factors, including 
wind velocity and velocity gradient 
near the ground; (b) type of herbage 
herbage density, and conformation; 
metabolic state of leaves 


the 


and (c) in 


particular whethet stomata are 
open or closed 
Ina 


factors varied together, no great con 


eries of trials in which all these 


sistency of results could be expected 
It is interesting, however, that the rate 
of deposition in trial 5, after dusk on a 
warm August day, was only half of the 
rate of deposition at 1700 hours in the 
trial 4 

at 1300 


afternoon of the same day 

On the other hand, the rate 
hours on an equally warm day a month 
earlier (trial 3) was equally low \ 
possible explanation is that this last 
named experiment was carried out at 
a time when the pasture was very dry 


and parched. 


Living and Inert Surfaces 


In an attempt to gain some knowl 
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the rate of 
ol 


edge of the factors limiting 
deposition of the iodine, a number 
experiments were performed in which 
ol 


exposed to the iodine Vapor both in the 


paper-covered sheets metal were 
a small-scale wind tunnel] 
at 


similar to those found in the open air, 


field and in 
which was operated wind speeds 
It was found that the rate of deposi- 
tion of I 
in the wind tunnel and in the open au 
by the ut 
brings the molecules 
with the paper. 
s equal at equivalent points on 


' vapor onto filter paper, both 


is controlled rate which 


diffusion into 
contact The deposi- 
tion 1 
the upper and lower surfaces of plane 
sheets of filter 
It is greater near the upwind 
the than it the 


The process of deposition Is 


metal covered with 
paper 
ot sheet 


middle. 


edge is in 
in many Wavs analogous to the process 
ol other 


saturated for 


of evaporation water and 


liquids from surfaces, 
which diffusion is also the controlling 
factor (5) 

made 


of 


Paper leaves,” ol appro- 


Whatman 


t filter paper attached to growing 


priately shaped 
No 


plants, were then exposed to the iodine 


preces 


in the open air and in the wind tunnel, 


and comparisons were made of the 


deposition on the leaves of the plant 


and on the filter paper. These experi- 
ments were done in collaboration with 
Dr. R of 
Agriculture at Oxford. 

lacts ol 


Scott Russell the School of 
The following 
i“ qualitative character have 
been established 

1. In experiments done so far with 
clover, dandelion, and bean plants, the 
ratio of the deposition on the leaves of 
to the de 


shaped pieces of filter paper 


living plants position on 
similarly 
has al 


a 


unit 


wavs been less than one 
rhe 


in good light than in poor light 


ratio has been more nearly 
darkness 
\ reasonable hypothesis is that the 


it the 


ol 


diffusion brings 


with the leaf is 


rate which 


iodine into contact an 
the 


however, 


over-riding limiting factor 
by the plant 


may be further limited by the absorp- 


on 
uptake which 
tive capacity of the leaf, dependent on 
the metabolic state, and in particular 
on whether the stomata are open ol 
closed, 

An autoradiograph of parts of two 
dandelion leaves, cut immediately after 
a 20-min exposure to I vapor, and of 
of filter 


them, is shown in Fig. 5. 


a piece paper exposed with 
A consider- 
gree of localization of the I'*! 1 


able des 
the of the leat 
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n 


veins is noticeable, 











600 


ty (cm/sec) 











FIG. 4. Wind velocity profile (trial 1) 


indicating that some translocation of 
the iodine was in process. 

As a check against the possibility of 
pressure effects, unexposed leaves have 
The only 
detectable result was a slight bleaching 


also been autor adiographed., 


effect on the negative, due probably 


to chemical action. 


Biological Half-Life in Herbage 


\easurements on samples of herbage 
the 
the iodine showed that 
the removal of piss 


the grass by translocation and leaching 


collected at intervals after dis- 
semination ol 
carrier-free from 
by rain was appreciable, but not large 
the 


activity of 


in comparison with radioactive 


The 


to decay 


the herbage 
half-life of 


5 or 6 days, compared with the radio- 


deen 
ippeared with a 


active half-life of S days. 


Permissible Level for Pasture 
The maximum permissible level of 
n herbage was given as 2 «* 107-4 
Parker (2) on the assump- 
eats 10 Ib ot 


that an cow 
b) that it may be 


herbage a day, and 


allowed to receive a dose of 1 r/day to 
the thyroid 

rhe figure assumed by Parker for the 
imount of grass eaten per day is low 
for British the 
mended British maximum permissible 
level is | 

To deduce the average au 
tration that 
activit ot | 


animals, and recom- 

10~* we /gm (6). 

concen- 

will result in a= grass 
10-* we/gm being just 

the rate at ['*! is 


deposited on the grass must be equated 


maintained, which 
to the rate at which the activity dis- 


ippears by radioactive decay and 


other 
Let CC 


means 

average concentration of 
I In air (we/em"); Uv, velocity of 
deposition of iodine as defined 
above | ['*! 


concentration in herbage (uc/gm wet 


vapor 
resulting stationary 


weight): m wet weight of herbage in 
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TABLE 5—-Permissible Output of I'*' from Stacks 


Height 
of stack 


(m) (we /em?) 


Varimum time-average concentration 


for an emission of 1 curie/day 


Permissible daily 
output of I" 


(nic) 





effective 


and T 


her bage, in 


mg/cm? of ground; 
half-life of I'*" in 
Then the equation 


sec, 


Co, (Vm 


» 


1,000) (0.693 /7) 


expresses the condition that the rate 
of deposition is equal to the rate of 


decay. 


FIG. 5. Autoradiographs of dandelion 
leaves and filter paper exposed to radio- 
iodine vapor 


The results of the experiments show 
that, on the average, 1 2.5 ¢m_ sec, 
T 5 & 10° see 


20, corresponding to a 


Taking m 
thin 
covering of grass, and putting V equal 


and 
rather 


to the maximum permissible concen- 
tration of I'*' in 10-4 pe 
then, Co, the 


average air concentration ts 


gm), 


maximum permissible 


10-4 & 20 
1,000 
l as 10 ue 


0.693 
10° X 2.5 


em?” 


This is less by a factor of 3,000 than the 


human breathing tolerance quoted 


above, indicating that the uptake onto 


grass is likely to be the limiting factor 
the [st 


can be ovel 


in determining amount of 
that liberated 
pasture or market garden areas 


activity 


Permissible Output from Stacks 


The formulas of Sutton (8) for the 
diffusion of smoke from factory chim- 
neys enable an estimate to be made ot 


[41 


stacks of various heights, such that the 


the permissible output of from 


average concentration over long periods 


at ground level nowhere exceeds 


10>"? pe 
Sutton’s formulas are given in terms 


of the instantaneous concentration of 
smoke at various distances downwind 
of the stack. To the 
average concentration at the 
place, which is in the direction of the 


deduce time 


worst 


prevailing wind at a distance from the 
stack equal to about 20 times the stack 
height, it is necessary to integrate the 
all directions 
the fact that 
certain wind directions are imore com- 
others. An 


speed of 5 m/see is assumed 


effects due to winds of 


and to allow also for 


mon than average wind 


The calculations are very approxi- 
mate, and probably err on the side of 
the 


The results are 


overestimating concentration at 


ground level given in 


Table 5 


* * * 


We are indebted to the Isotope Division at 
AERE for supplying the I and calibrating 
the counters used, and to the Meteorological 
Group and Mr. W. G. Bushridge for 
ance with the field experiments We are 
indebted also to Dr. R. Scott Russell, of the 
School of Agriculture, Oxford University, for 
helpful advice, and to the Directo 1ERE, 


for permission lo publish this pape 
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Film Measurement of 


Simple, fast measurements of beta-ray depth dose can be made 


with photographic films. Response curves for seven emulsions are presented 


here. Comparison with more laborious extrapolation-chamber 


measurements shows that the film method is accurate 


By E. TOCHILIN and R. GOLDEN 
U.S. Naval Radiological Defense Laboratory 


San Francisco, California 


Beta-ray 
used to some degree as 
work for the 


treatment of surface lesions. 


THE HIGH resolving power of film and be of great value. isotopes but are not readily available at most 


its sensitivity to radiation are medical laboratories. 


make it 
great 


IOnIZINE 


to determine with applicators in clinical The purpose of these experiments 


the 
radioactive material 


possible 


distribution — of In some was to investigate film response to beta 
Auto- 


radiographs of isotopes deposited in 


exactness 


in tissue. instances, individual sources are pre- radiation and to establish conditions 


pared for each treatment and are con- under which quantitative depth-dose 


toured to the size of the area being 


thyroid tissue and in bone are familia 
in radioisotope work. Work by Dudley 
and Dobyns indicates that, with proper 
calibration techniques, a quantitative 
evaluation of dosage received can be 
obtained using the autoradiographic 


treated (2). Under such conditions, 
it would be of considerable value to 
determine by a simple dosimetric tech- 
nique the surface dose together with 


the distribution of dose in the tissue. 


measurements with film are possible. 


Apparatus 
Table 1 lists the isotopes used for 
the 


gether with the maximum energies of 


beta-ray film measurements to- 


The various films 
thicknesses, 


technique (7). ixtrapolation chamber measurements their beta spectra. 


Similarly, the use of photographie are used for this purpose. Suchinstru- used, together with their 


ments serve as primary standards for developing times, and beta-ray sensi- 


the beta 


emulsions to measure depth-dose from 


heta-ray plaques through tissue would measurement of radiation tivities are shown in Table 2. Films 





TABLE 2——Beta-Ray Sensitivity of Films Used for Depth-Dose 
Measurements 


Standard Beta Sources 


TABLE 1 


Varimun 


ke } » } / 
Half-life enerqu (Met ma em? lpp oxrimate 
dose at 


Source 
Developing 

Film 
thickness 


(maq/em?* 


time Varimum 
usable 


density rep 


marinmum 


Tal? 7 0.50 None 
RabD-+ 2y 0.026) 

Rak bw 3 
y* 57 1.54 
pith : heed 100 

yo is 2.18) 

Rute 4 0.041 | Flash 

Rh! 2. 30018% plating 
3.55(82%) | 


at 68° F density 


25 Film 


iin 


N mn 
= 6.0 6 


astman Type K 33.6 
DuPont 552, Sens. § 3.0 10 32.0 
DuPont 552, 6.0 70 28.6 
Jastman DF-7 6.0 80 
wastman 5302 1.0 100 
‘astman Translite 5.0 2 000 

j 20,000 


fastman 548-0 15 


Insens. 


of silver 


* Used to eliminate low-energy beta components 
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Characteristic curves for seven films FIG. 2. Depth-dose curves of three films 


FIG. 1. 


were chosen to allow depth-dose meas- 


urements over a range of beta-ray 


dosages extending to approximately 
20,000 roentgen equivalent physical. 
The films were developed in Kodak 
X-Ray Developer. The 
times the various 
at a temperature of 68° F) 


Liquid de- 


veloping used for 
emulsions 
No agitation was 
used during development. The films 
were fixed for 10 min in Kodak X-Ray 


are given in Table 2. 


Fixer, washed for 20 min in running 


water, rinsed in a water solution con- 
taining a wetting agent, and then dried. 

An Ansco was 
measure the density of the 


With this instrument, 


color densitometer 
used to 
processed film. 
film densities can be read to a value of 
6.0 

All film 
using dental-size film packaged in a 


measurements were made 
molded rubber film holder 34 in. deep. 
The filled 
layers of film and black-paper spacers. 
The 


dental 


holder was with alternate 


containing some 60 


black 


loaded holde 


films, was covered with 
paper 

These film holders had been produced 
in quantity to measure beta-ray en- 
ergies of fission-product contaminants 
Under 
conditions such an elaborate 


film holder is hardly Den- 
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over a large area. 
laborator’ 


necessary. 


tal-type films can be packaged and 


exposed in almost any type of im- 


provised container. If the emulsion 
desired is readily 


sheet form, it can be cut to a convenient 


more obtained in 
size and packaged in a similar manner, 
the 
obtained on a special order from the 

Kodak Co. These 
DF-7 Radiatized dental film, 
Cine Positive film, Eastman 
548-0 


They were cut to 


Four of emulsions used were 


Eastman were 
Eastman 
Eastman 
Translite 
spectroscopic film. 
standard dental film size and packaged 
200 to a box with a black paper spacer 


film, and Eastman 


The remain- 
Type K 


between adjacent films. 


ing films, Eastman and 
DuPont 


are 


552 sensitive and insensitive 


films, commercially available in 


dental film size. 


Film Sensitometry 

Characteristic curves for the various 
photographic emulsions were obtained 
by exposing the films to gamma rays 
from a radium source and developing 
for the times listed in Table 2. The 
are 


characteristic curves 


They afford a com- 


resultant 
plotted in Fig. 1. 
parison of the 
sensitivities of the different emulsions 
the 
densities. 


relative gamma-ray 


ove! entire range of readable 


for Sr*’ source 


As will be shown, the 
sensitivities assigned the various films 
are essentially their 


Within specific limits of beta- 


gamma-ray 
beta-ray sensi- 
tivities. 
ray energy, the same film density will 
be produced with a roentgen-equiva- 
lent-physical of beta radiation as with 
a roentgen of gamma radiation. 

A characteristic 
define completely the response of film 


curve serves to 


over its entire range of 
Normal 
simetry practice consists of running a 
set ol 


known 


to radiation 


usable densities. film do- 
calibration curve (processing a 


films which have received a 
exposure) together with each group of 
films developed, thereby minimizing 
errors that might arise from the many 
the 
This procedure was 
the 
measurements described here. 

It is of interest to note that the shape 
of the characteristic curve for a given 
film is substantially independent of the 

the electrons or 
provided they are able to 
the thickness of 


For film 


variable factors involved in de- 
veloping process. 
followed for all of 


beta-ray film 


energy ol exposing 
photons, 
penetrate entire 
emulsion. a double-coated 
this would that the 
particle must have sufficient energy to 


In the case 


mean ionizing 


penetrate the entire film. 
where an electron does not have suffi- 
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cient energy to penetrate the emulsion 
completely, the resultant character- 


istic curve would be similar to one 
obtained with a film having a thinner 
coating of the same emulsion 

To check the response of the various 
beta 


curves were run by exposing the entire 


films to radiation, depth-dose 


group of films to a Sr®° medical appli- 


cator at a source-to-film distance of 


3.8 em. Figure 2 shows the depth- 


dose curves obtained with three of the 


used. The curves for 


D-7 


maximum difference obtained for any 


films 
Translite 


seven 
and represent the 
two films. The depth-dose curve for 
548-0 
between the 


film represents the average 


two extremes. Curves 
for the remaining four films, if plotted 
would fall between those of Translite 
and DF-7. 

The slight differences observed are 
attributed 


countered in measuring the depth of 


primarily to errors en 
the various films rather than to differ- 
ences in film sensitivity. The results 
that, in 


the response of film to 


indicate making depth-dose 
measurements, 
beta 


pendent of the type of emulsion used 


radiation is essentially inde 

Only two of the films used for depth 
dose measurements were single-coated 
emulsions, namely, Eastman 5302 and 
548-0. In this instance, the depth to 
particular emulsion clearly 
defined. Withthe double 
hoth film were 
blackened by The differ 
ence in blackening of the two sides is 


any was 
coated emul 
sions, sides of the 

radiation 
due to the amount of ionization ab- 
sorbed in the cellulose acetate film base 
It has that the total 
blackening of such films represents the 
and that this 
middle of the 


The depth to the sensitive area 


been assumed 


sum of two densities 
density occurs in the 
film. 
of a double-coated emulsion then be- 
comes the depth to the top surface 
plus one-half the thickness of the film 


Beta-Ray Sensitivity 

For purposes of personnel monitor 
ing, the response of photographie film 
to beta-ray isotopes of maximum 
energies varying from 0.26 to 3.5 Mey 
has been investigated by Storm (3) 
The film was found to be much less 
sensitive to low-energy beta radiation 
than to high-energy beta radiation, 
becoming nearly independent of energy 
above 2.5 Mev. Because all exposures 
were made with the film enclosed in a 


dental-type packet, and because dou- 


ble-coated film was used, this informa- 
tion is not sufficient to determine the 
absolute beta-ray sensitivity of film 
over the range indicated. 

The response of film to low-energy 
radiation is influenced in part by the 
radiation in the 


absorption of beta 


paper wrapper. A further decrease in 
film response is due to absorption in 
the cellulose acetate base on which the 
emulsion is coated, thereby affecting 
the amount of radiation reaching the 
bottom emulsion as compared to the 
top emulsion 

To evaluate the absolute sensitivity 
of film over a range of beta-ray 
energies would require the use of a 
single-coated emulsion thin enough so 
that 


would 


absorption 
such data 
DF-19, a 


dental-type film having emulsion on 


negligible beta-ray 


occur. To obtain 
the response of Eastman 


one side only and an emulsion thick- 
ness of 2.4 mg/cm?*, was investigated 
using beta-ray isotopes ranging In 
maximum energy from 0.5 to 3.55 Mey 
Table 1) DF-19 film has 
the same emulsion as DF-7 


one of the films used for the beta-ray 


Kastman 


Kastman 


depth-dose measurements. Exposures 


were made using «a  source-to-film 


distance of 12.0 em, at which distance 


the outputs of the sources were cali- 


brated with an extrapolation chamber 

















FIG. 3. Beta sensitivity of Eastman DF-19 
film for density of 1.0 
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FIG. 4. Aluminum absorption curves for 
five beta emitters 


Figure 3 shows the response of 
Kastman DF-19 film over the range of 
beta-ray 


energies investigated. All 


exposures are given relative to the 
roentgen-equivalent-physical dose re- 
quired to produce a density of 1.0 with 


A marked 


decrease in film sensitivity is observed 


the Sr®° source (2.18 Mev) 


To produce the 
a 0.5-Mev as 


beta-ray 


for the lower energies. 
same film density with 


3.5-Mey 


increase in 


with a isotope 


required an ionization 
exposure by a factor of 1.5. 

The 
constant for beta-ray energies greater 
than 2.0 Mev. 
films are equally sensitive to both beta 


film sensitivity Is essentially 


For these energies, the 
and gamma radiation. Film densities 
identical within 5% were observed for 
a gamma-ray exposure of 1 r (using 
a beta-ray exposure 
this 


assigned 


radium) and for 


of 1 rep (using Sr). On basis 


the gamma-ray sensitivities 
the various films in Fig. 1 are also their 
beta-ray sensitivities 

The response ol photographic film to 
electrons has been studied by Fleeman 


and energies ranging 


Within 
found to be 


Frantz (4) for 
from 0.5 to 1.4 Mey 


response Wiis 


these 
limits, film 
proportional to the dose received and 
ndependent of the energy of the 
incident electrons. 

Dudley (5) has extended this study 


to include electrons of very low 


this region, Dudley ob- 


energies. In 
ved that, for 
dent 


perpendicularly inei- 


electrons, the dosage sensitivity 
different 


upon 


films is strongly 
The 


zero energy, 


ol five 
dependent 
tivity starts at 
rises to a peak at approximately 0.1 
Mev, and thereafter 


energy. seCnsi- 


zero tor 


dec reases to 


plateau of one-third to two-thirds 


maximum Sensitivity lor 
greater than 0.5 Me) 


For diffuse 


energies 
incidence, which is the 
beta-ray 
film, the 


with en- 


condition occurring when a 
plaque Is placed directly on 
sensitivity 


dosage Increases 


reaching a flat maximum at | 
\ley The initial rise, between 0 and 
0.1 Mey 


0.1 Mev being about two-thirds of the 


is rapid, the sensitivity at 
maximum. Thenumerical values cited 
were influenced by the emulsion thick- 
ness and the ratio of silver halide to 


gelatin of the various films investigated. 


Depth-Dose Measurements 
Figure 4 shows a series of aluminum 
absorption curves obtained with an 


extrapolation-type ionization chamber 
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FIG. 5. Depth-dose curves obtained with 
film for five beta emitters. Circles are 
normalized points from the Al absorption 
curves of Fig. 4 


using beta-ray isotopes ranging in 
maximum energy from 0.5 to 3.5 Mev. 
\t low energies, exponential absorption 
the entire 
used At 
the curves approach exponential ab- 
half-thick- 
half-thickness 
the 


the 


is observed over range otf 


absorbers higher 


energies, 


sorption bevond several 


nesses of absorbers (a 


of absorber reduce beam 


one-half of 


will 
ntensity to initial 
\ niue 


Dudley 
of beta-ray absorption, has suggested 


who has studied the problem 


the following two conditions as ex- 
plaining the exponential absorption of 
heta rays (4 

1. The energy spectrum must remain 
nearly uniform under absorption, 

2. The angular distribution pattern 
of the beta radiation must remain sub- 
stantially constant under absorption. 

soth 


produc e 


conditions are necessary to 


the experimentally observed 
absorption properties. 


the 
and 


Brownell  (¢ has measured 


energy spectrum of P*? before 
after the addition of various absorbers 
and backscatterers. 
tively 
with absorber thickness, indicating that 


the beta-ray 


He found a rela- 
slow variation of average energy 


spectrum is reasonably 
This is 


possible because the low-energy beta 


uniform under absorption. 
rays are more rapidly absorbed out of 


the beam than are the high-energy 


particles, and, despite the continual 


loss of energy by each beta particle, 
equilibrium is approached between the 
number of low-energy electrons formed 
the this 


way the decreases 
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and number absorbed. In 


average energy 


very slowly with increasing absorber 
thickness. 

Brownell has also observed that the 
angular distribution of radiation ap- 


proaches an equilibrium after several 


half-thicknesses of absorber. For Lu- 
cite absorbers, a cosine-law distribution 
was established which remained con- 
stant over the range of absorbers used. 
Since Lucite is similar to tissue in 
electron density, this would be the 
distribution to be expected in tissue. 
If uniform spectral distribution and 
angular distribution are maintained 
under absorption, it then becomes pos- 
sible to obtain a quantitative measure 
of depth-dose using photographic film. 

Depth-dose measurements are pri- 
marily influenced by absorption, scat- 
tering, and geometry (inverse-square- 
distances 
effects be- 


eurves 


law) considerations. At 
where inverse-square-law 
come negligible, depth-dose 
would be expected to be similar to 
absorption curves. This condition as- 
that the 


secondary radiation 


sumes ratio of primary to 


would remain 
the 


This Is a 


essentially constant throughout 
depth ot 


reasonable assumption for 


measurement 
beta rays 
once equilibrium conditions have been 
established. 

Figure 5 shows the depth-dose curves 
obtained with photographic film at a 
source-to-film distance of 3.8) em. 
These curves are compared with ab- 
measurement of the same 
Although 


differences in geometry and absorbers 


sorption 
isotopes illustrated in Fig. 4. 


preclude a direct comparison of the two 
measurements, it is apparent that for 
any particular isotope the two curves 
are quite similar. 

Since, for beta rays, loss is 
the 
power of the absorber, the two curves 


energy 
proportional to mass stopping 
ean be further normalized by taking 
into account the ratio of the stopping 
of the film 


base and the aluminum. 


powers cellulose acetate 
An average 
mass stopping power of polystyrene 


relative to aluminum, calculated by 
Sheppard and Abele to be 1.10, has 
been used (7). The circles adjoining 
each of the depth-dose curves of Fig. 5 
show where one point taken from the 
aluminum absorption curves of Fig. 4 
would fall when normalized in the 
manner stated above. 

With the assistance of J. 8. Krohmer 
of Western Reserve University, surface 
depth-dose measurements using photo- 


graphic film were compared with extra- 
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FIG. 6. Comparison of film and extra- 
polation chamber depth-dose curves. Solid 
lines obtained with film, circles with extra- 
polation chamber 


polation chamber measurements of the 
same sources. The films were exposed 
at Western Reserve and mailed to this 
laboratory, where they were processed 
and compared with extrapolation cham- 
ber curves obtained by Krohmer (8) 

Results of the comparison for three 


Rab, 
Fig. 6. 


and Ru'® are 


obtained with photographic film; the 


sources, sr”, 


shown in curves were 
circles represent the experimental points 
obtained with the extrapolation cham- 

10% the 
Below this 


apparent, 


ber. To a depth-dose of 


agreement is excellent. 


value, differences became 
primarily at higher energies where the 
average beta-ray energy is significantly 
changing with absorber 
thickness. 


The information presented in Fig. 6 


Increasing 


is sufficient to allow the use of film 


depth-dose measurements for radio- 

therapy purposes or for any quantita- 

tive evaluation of the distribution of 
beta radiation in tissue. 
+ * . 

The authors wish to thank Mr. J. S 

Krohmer of Western Reserve 


which made 


University for 
his valuable assistance, possible 
the comparison of photographic and toniza- 


tion chamber depth-dose measurements 
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Radiation Chemistry 
of Cysteine Solutions 


Discovery of modifications produced in proteins by radiation is one of 


the fundamental problems of radiobiology. 


Studies with amino 


acid solutions help to give an understanding of this problem 


By S. L. WHITCHER,* MARY ROTHERAM, and NORMAN TODD 


Atomic Enerqy Project, School of 


SoME INTEREST has been displayed 


recently, in a proposed relationship 
between phenomena observed in radio- 
biological experiments and the chemical] 
changes that often accompany expo- 
sure of aqueous solutions to high- 
energy radiation. 

One type of effect which may be of 
significance is the production of small 
chemical changes in the side groups 
along the main chain of a_ protein 


Since such changes constitute rela- 
tively minor variations in the structure 
of complex molecules, they may easily) 
escape detection in experiments with 
However, their nature may 


data 


proteins. 


be inferred from obtained in 
irradiation studies on solutions of the 
amino acids which participate in the 
protein structure, as illustrated by 
some recent work in which deamination 
alde- 
hydes and hydrogen were described 
(1, 8). 


with the amino acid cysteine 


reactions and the formation of 
This paper gives results found 
An explanation for the action of 
radiation on pure water is fundamental 
to an understanding of the effects found 
in aqueous solutions. Since theoretical 
and experimental work on this subject 
summarized several times 


has been 


Midway 
of Chieago, Chi 


Appress: Chicago 


University 


* PRESENT 
Laboratories, 
eago, Illinois. 


30 


Vedi ine 


s-8), it will be discussed briefly. 

lon pairs (H,O*, H,O~) are produced 
by the absorption of radiation quanta 
or, more frequently, by inelastic colli- 
sions between water molecules and the 
secondary electrons. Dissociation fol- 
lowed by reaction with oxygen leads to 
formation of the radicals H, OH, and 
HO». Radical 


originating sites cause the formation of 


interactions near the 
hydrogen and hydrogen peroxide, but 
concentration is limited by 


with 


thei 


reactions radicals which have 
diffused away from the particle tracks. 

In oxygen-free water, the situation 
is appreciably less complex, since the 


HO 


possibly in minute amounts toward the 


radical is not present except 
end of the exposure. 


Substances dissolved in the water 
which are susceptible to oxidation o1 
reduction may enter into reactions with 
the radicals or with H.O 


the following half-equations (9) 


according to 


Reduction 
OH + H* 
HO, + 3H" 
HO. + 2H" 
Oxidation 
HO. —> Oz 
H : 
OH > 160. 
H.O. O 


H.O 
> IH.O 


l niversily of Califor nia, Los Angeles, 


California 


In basic solution, the formulation of 
these equations is somewhat different 
since the HO. and the H.O, are largely 
and HO 


in the ionized forms O 


Experimental 


The solutions were made up with a 
sample of cysteine hydrochloride, Irom 
the Nutritional 
ration, which 
C 23.23, H 4.74, 
specific rotation 
HC! —13.1 


with published values 7.2 and 


Biochemicals Corpo- 
had the 
N 8.01, 8 20.97. Its 
1),25 
In water, compared 
— 10.4. 


showed 


composition 


was 7.2 in IA 
and 
Spectroscopic analysis less 
than 0.003 % of iron and copper. 

The 
specially 
distilled 
from a solution O.OLN in 
0.0IN in KMnQ,, 
H.oSO, and once additional. 


water for the solutions was 


prepared from laboratory 
distillation 
NaOH and 


O0.01LN 


water by further 


then from 

The pH was adjusted by the addition 
of HCL or NaOH 
This 


from the standpoint ol 


without the use of 


buffers. method was preferred 
exclusion of 
buffer- 


since irradiation 


impurities; and, at any rate, 
Ing Was unnecessary 
caused no pu change in these solutions 
except near pH 7, where there was a 
decrease of about 0.2 unit. 

Fresh solutions were prepared im- 
mediately prior to each run, and for the 


most part they were stable for several 
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FIG. 1. Chamber for deaeration of samples to be irradiated 


oul However 
the highest 


at alkaline pH and 
concentration 


there was a small amount of autoxida- 
tion during the irradiation period for 
which a correction was made from data 
obtained in blank runs 
The 


the pre 


chamber in Fig. 1 was used for 


aration of samples to be 


I 
rradiated after the removal of dis- 
In it, the samples could be 
uation for several hours 
which had the 
idvantage that there was only a small 


The 


nto the larger bulbs and a 


kept under evar 
without direct pumping, 


oss of solvent solutions were 
ntroduced 
connection made 


at the spherical joint 
flask, that 
about 10m 
Megavac pump. After 


the stopcock 


to a 5-liter ballast was 


pumped out to with a 
evacuation, 


to the deaeration chamber 


(0.005 ), 


was opened with the line to the pump 
closed and the solution left in contact 
with the evacuated space for one half- 
hour while being stirred with a small 
This 


Then the chamber 


magnetic stirrer. cycle was re- 
peated ten times. 
was disconnected at the spherical joint 
and the solution passed into the smaller 
bulb, sealed off at a 


eonstl ict ion, 


which Wis 
The samples were exposed bilaterally 
X-radiation at a rate of 
1.000 r/min from two 250-kvp 


therapy 


to unfiltered 
about 
Picker 


apposition, 


heads operated in 
The spectral distribution 
of the radiant energy from this source 
has been described by Greenfield (10). 
The energy absorbed by the solutions 
was estimated by following the decrease 


in Fe** concentration in a dilute solu- 


tion of ferrous ammonium sulfate in 


O.NN sulfuric acid exposed under the 
same conditions (11 

For 1On-pair formation In al by elec- 
the energy 


trons of moderate energ) 


ee 


wey 


loss, W, is generally accepted as 3 
12). 


aqueous media has caused a lack of uni- 


The absence of similar data for 
formity in the reporting of chemical 
data by different authors 

assumed that the 


Some have 


W-values for air and water are the 
same and have given results in terms 
of the amount of chemical change pet 
ionization, the ionic vield. Others 
have preferred to avoid this assumption 
whi h 


and to use, instead, the G-yalues 


give the number of molecules trans- 
formed for the absorption of 100 ey 
Still a third method is to report the 
32.5-ev vield, but without explicit asso- 
ciation of this quantity with an loniza- 
tion. The last system is used here, the 


vield being taken as the number of 


molecular equivalents formed or de- 


stroved in the test solution when 6. 


atoms of Fet* are oxidized in the 


dosimeter solution 


Results 

Albert first worked with eysteine in 
an attempt to initiate the chain reac- 
tion between hydrogen peroxide, cyste- 
ine, and aminoacridine (/3) through the 
The 


results did not appear promising, and 


agency of ionizing radiation 


this project was abandoned in favor of 
a study of the action on cysteine alone. 

A collection of data was obtained for 
the disappearance of the thiol group 
and for the formation of hydrogen 
peroxide and hydrogen sulfide in solu- 
tions irradiated for the most part with 
20,000 The 


these 


a dose of roentgens 


dependence of the yields for 
reactions on pH, concentration, and 
presence of dissolved air is shown in 


2-4. The thiol 


peroxide formation, and sulfide forma 


Figs. vields bor loss 
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FIG. 2. 
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Dependence of reaction yields of cysteine irradiation on pH 
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FIG, 3, 


Effect of concentration on thiol loss 


tion are designated, respectively 


a, B, and y¥. 

Some conclusions regarding the main 
course of the radiochemical reaction 
could be inferred by comparison of the 
formed in the 


amount of eystine 


irradiated solutions, as determined 


analytically, with values calculated 


from the disappearance of cysteine 
(Figs. 5 and 6). 

pn , , 

rhe experimental results were not 
reproducible. For thiol dis- 


0.0002,N ), 


highly 
appearance (at doses of 
5,000 r induced concentration changes 
in the range 0.11-0.17 
104; 40,000 r caused changes of 0.91 

1.03 (equiv./1) * 10°. The yields for 
hydrogen peroxide and hydrogen sul- 
fide 
is evident from the point scattering in 


(equiv 1) 


were somewhat more erratic, as 


Fig. 2. Detailed experimental data 


are given elsewhere (14, 14 


Analysis 


Suitable methods of analysis for the 


determination of radiochemical changes 
are sometimes hard to find, particularly 
for organic compounds, since it is 
usually necessary to work with dilute 
M and 
to detect concentration changes of the 
order 10°>*-10~°, 


are convenient 


solutions in the range 10-*-10 
Colorimetric meth- 
ods when applicable, 
and in the present work it was possible 
to use such methods exclusively. 
The colorimetric analysis for Fe 

(dosimeter solution) made with 
o-phenanthroline (76); for 


with the Folin and Looney phospho- 


Was 
cysteine 
tungstic acid reagent (17-19); for 
cystine, with the Folin reagent plus 
sulfite (20-22); for hydrogen peroxide, 
with the Bonet-Maury titanium sulfate 
reagent (23, 24); and for hydrogen 
sulfide, with p-amino dimethylaniline 
plus Fet++ (25, 26). 
molecular extinction coefficients for 
these reactions are 11,000 (5,100 A), 


1,200 (7,400 A), 8,200 (7,400 A), 560 
32 


The approximate 


FIG. 4. Cysteine oxidation in deaerated 
solution (at 0.0004N) 


1,040 A), 17,000 (7,500 A). 
Optical densities were measured with 
DU Beckman 
tometer using l-cm Corex cells. 


and 


i model spectropho- 


Concentrations in the irradiated 
solutions were determined by relating 
the optical density measurements to a 
set of reference curves prepared from 
solutions for which the composition was 
The 


reference curves were made up using 


known, peroxide and sulfide 
diluted samples of solutions standard- 
ized in the usual way, while the data 
for the iron and the amino acid curves 
were obtained in solutions made up by 
weight. The cysteine curve, based on 
phosphotungstic acid, was more firmly 
corroboration with the 
Mason 


tather careful adherence to a standard- 


established by 


ferricvanide method of (27) 


ized working schedule is essential in 
these colorimetric analyses, since the 
color development depends on a reac- 
tion rate (17, 18). 

With one exception, the reagents 
were specific for the compounds for 
which they intended and were 
unaffected by the 


present in the solution. 


were 
other substances 
The exception 
was the phosphotungstic acid, which 
gave some color with hydrogen sulfide 
but the amounts of the latter were so 
that its effect 
in deaerated solution 


small was negligible, 


except where a 
correction was applied to the cysteine 


data. All the 


toward cystine disulfoxide and cysteine 


reagents were inert 


sulfinie acid. 


Discussion 
The formation of hydrogen sulfide 
indicated that the disappearance of the 
thiol group might be explained as 
RSH 
RSH 


»>HS—-S 


> RSSR— Higher oxida- 


tion products (9) 


The second step in Kiq. 8 is the oxida- 


Coiculcted from Eq 


Experiment 











mG. Ss (20,000 r, 


0.0004N) 


Cystine formation 


tion reaction found by Loiseleur 28 


The 


present in the solutions at the end of 


amounts of hydrogen sulfide 


the exposure were not enough to 
account for the change in thiol concen- 
tration. Hence, if Iq. s represented 


the main course of the reaction, it 
would have to be postulated that the 
H.S found was only a fraction of that 


This 


appeared improbable due to the in- 


formed during the irradiation. 


efficieney of the Loiseleur reaction. 
On the other hand, the reaction in Eq. 9 
was reasonable in view of the relative 
ease with which cystine is oxidized by 
ordinary chemical agents. 

The work of Folin, Lugg, Clarke, and 
others (17, 19, 20, 21 


of phosphotungstie acid with cysteine 


on the reactions 


and cystine suggested a method for 
developing evidence on this question. 
They that 
toward phosphotungstic reagent, but 


with the for- 


showed cystine was inert 
that cysteine reduced it 
mation of a blue color equal in density 
to that 


amount of hydrogen. 


produced by an equivalent 
In the presence 
of sulfite, the eystine was no longer 
inert but developed a color with an 
an equimolar 
Under the 


density for 


intensity the same as 
concentration of cysteine, 
same conditions, the color 
factor 

) 


was shown to be theoretically 2. We 


cysteine increased by a which 
have checked this experimentally and 
found the value 1.95 as the average of 
about thirty determinations. 

Hence, if one starts with a solution 
of cysteine and progressively changes 
a part of it into cystine so that a series 
of solutions are formed which contain 
increasing amounts of cystine, optical 
density in the presence of sulfite and 


phosphotungstic acid would vary as 


O.D. due to evysteine 
1.95 d, 

due to cystine 
0.97 doe (11) 
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(1 — e) 10) 
3): 





1.95 d ] 
is the O.D. of the original 
sulfite and 


solution without 


fraction of the evsteine con- 


These formulas agree quite 
th optical density data obtained 
xtures of known composition, 
igreement between the calcu- 
ind experimental data of Fig. 5 
it, for this case, practically all 
ne lost test 


peared as cystine. However, 


from the solu- 
longed exposure, the experi- 
than the 


indicated 


ues became less 
Fig. 6). This 
mecentration of the evstine 
wus itself attacked 
confirmation for this 
iew came from a study of the 
ition of eystine reported 
/) although its oxidation 
identified 


methods 


ould not be due 
of suitable 
Two-dimensional 


this 


papel 


ims run lor 


pul pose 


CluUSIVe 


ving the results, it is con- 


nt to consider the yields as if they 


( ed trom ionization, 
this may 
due to the 
But 


follows 


one 
earlier, 


} 


realists 


is shown 
pletely 
in the alue of W, 


sumption is made, it 


elds 


will be determined by 
the solute with the radicals 
d HO 

In many cases 
Here, 


consistently 
iin them, it 


which come from one 
they are 
ol one however, 
were higher, 
seems neces- 
ulate either another source 
from dissociation of excited 
olecules or some sort ot 
! ! { nanism 

Effect of pH. As the pH was in- 
at O.OOOAN ), a 


( t ting trom | 


sed from a value of about 
imum of LS around pu 3.8, 
S.7 nen 


to a maximum ol 


irlation was associated 
essence ol oxvgen rather than 
ves in the zwitterionic char- 


iid or with ioniza- 


LIne 


the thiol group, since the reac- 
ed little dependence on pu 


The 


first seem un- 


ted solutions impor- 


gen may at 
ible until it is remembered that 
centration is nearly the same as 
the solute in these dilute solu- 
a@ Was also quite sensitive to 
tration and increased to a value 
26 at O.OOSN and pH 9. 
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FIG. 6. Cystine formation vs dose 
(0.0004N, pH 5.4) 


In the same solutions, 8 began 


2.3, dropped to 1.45, then rose to 2.3 
at about pH 7, and finally fell to a level 
that detectable with the 


titanium sulfate reagent; 4 


was barely 
was in the 
range 0.2-0.3 and was fairly inde- 
pendent of the pH 

The 


tion of peroxide was reduced to a low 


Peroxide formation. forma- 


level (but not zero) by the removal of 
air, and it was considerably greater in 
the presence ot cysteime than in pure 
The 


were stable together for 


water. cysteine and peroxide 


several hours 
further 


solution, which 


that 


gave 


in acid 


evidence radiochemical changes 


cannot in general be explained solely 
on the basis of reactions with hydrogen 
peroxide. In alkaline solution, some 
peroxide may also have been formed, 
but it could have there only a transient 
existence because of its rapid reaction 
with cysteine at elevated pH 

The results are consistent with the 
view that the OH radicals are used up 
for the most part in oxidation of the 
cysteine, while the H atoms form either 
hydrogen sulfide or hydroperoxyl radi- 
The latte: 
peroxide, which may also react 


alkaline pH. But 


is no combination of these reactions, if 


cals. then give hydrogen 
with 
cysteine at there 


operative on a stoichiometric basis 
which is sufficient to explain adequately 
the high yields found 

It is of interest to compare the data 
given here with some figures reported 
by Barron (30) and Kinsey (31) for 
the tripeptide, glutathione. We are 
agreement with the work of 


used the 


In tan 


Barron, who ferricyanide 


method, over the range which he 


covered. The complication introduced 
by the use of buffers is clearly shown 


in his paper. The work of Kinsey is 
difficult 


method o 


somewhat to interpret 
due to the 


Cyanide was first added to reduce the 


more 


analvsis used. 


oxidized glutathione, followed by a 


iodate \ 


will 


titration with question 


arises here, since cyanide restore 
only one-half of the glutathione, except 
in strong alkali; and also it has been 
that the 
pletely inert toward potassium iodate 


work 


desirable 


found evanide is not com- 


Accordingly, somewhat more 


along these lines may be 


Neither of 


report on the formation of peroxide o1 


these papers gave any 


sulfide, but a recent publication by 
Dale 
study of the factors affecting the for 


sulfide 


32) presented a rather extensive 


mation of Again we are in 


fair agreement, except for the data in 


air-free solutions. 
+ * 
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A continuous-flow liquid monitor, 

designed for measuring 

a-B-y-activity in water, detects —_—— 
Sr’ at 3 & 10° uc/cm’ Pore 

A unit for calibrating the monitor 

G-M tube can be used for 

static measurements with a 


sensitivity of 1 & 10° uc/em* Sr°” 








beto-sensitive 
geiger counter 





Rotating water 

















a 














FIG. 1. Cross-section view of continuous-flow water monitor 


Monitoring 


By W. M. HURST* due to the leaching out of the unstable 
Oak Ridge National Laboratory isotopes near the earth’s surface (1). 
Oak Ridge, Tennessee, \ more practical problem relates to 

the operation of large nuclear reactors 
A CONTINUOUS-FLOW radiation monitor ind the chemical processing of radio- 


| 


and a calibration unit were developed isotopes, where careful measurements 


primarily for detecting contamination are made of effluent to guard against 


of drinking water. However, other  “ischarge of excessive radioactive mate- 


. | TS J oOo conside 
applications might include measure-  '!* It is thus feasible t nsider 


ment of: naturally occurring unstable  OPeration of a continuous-flow monitor 


isotopes in excreted or contained body to alarm at the level assigned for short 


fluids of the human being. radioactive te"™ Ingestion, and to concentrate a 


gas concentrations, activity of a solid = * imple of drinking water at appropri- 


upon the inner surface of a eylinder ate intervals for the long-term ingestion 
and the rate of plating out of activity  '0%~" vel measurements 


from a solution, — , 
dponcent e pgerce oem Description of Monitor 
rhe sensitivities of the monitor and 


the calibration unit, 3 * 10-6 and he continuous-flow water monitor, 


1 X 10-6 we/em! for Sr** in water, well consisting of water cell, radiation 


° ° ° 1 d e*t ‘> i { “Tie s "if uv isse hy 
satisly the provisional level for drink letector, and lead shielding assemb! 


ing-water contamination (S & 10 is shown in Fig. 1. The water cell 


ye fom) established by the National surrounds the radiation counter with a 


Committee on Radiation Protection of — ¥#!! of water rhe only beta absorber 
the National Bureau of Standards. 


The radioactivity level of some natu- 


between the water wall and the sensi- 

tive region of the counter are a 7 67In.- 
] 

ral water sources is readily measurable thick annular air gap and the counter 
wall 

Water is continuously injected at a 


* Present Appress: Balcones Researcl tangent into a stationary flanged 
Center, University of Texas, Austin, Texa 

t More recent data is available in NBS 
Handbook 52 (March °53 becomes a rotating cylindrical wall of 


34 


cylinder. Theinjected stream of water 


of Liquids 


water of increasing volume and de- 
creasing inside diameter, until the 
inside diameter of the water outlet in 
the lower flange is reached and equi- 
librium is” established The inside 
diameter of the upper flange, where the 
beta-gamma counter is inserted, is 
smaller than the water outlet to 
prevent spill-over 

For a water cell of the dimensions 
given in Fig. 2, a water flow of 4 
liters, min (20-psi water inlet pressure 
Is required to maintain a wall of water 
of Il-mm radial thickness. Regula- 
tion of the water flow is not critical 
the counter wall is not touched by the 
water wall regardless of how slowly on 


rapidly the water flow is established 


W ater Cell 


The design problem Is one Of Con- 
tinuously injecting water into a rotat- 
ing eviindrical wall of water without 
causing turbulence. 

\ circular jet introduces consider- 
able turbulence in the water wall. A 
slit jet (Fig. 2), made by partial flat- 
tening of the water inlet tube provided 
a considerable improvement. The re- 
maining amount of turbulence was 


] 


largely eliminated by having a uni- 
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FIG. 2. Water cell, with details of slit jet 


for Radioactivity 


rising cam face formed on one 
f the evlinder, and subtending the 
et height over one revolution of the 
The jet 
luced, not at a point, but through- 
the 


shit 


( nder stream is thereby 
intro 
out one revolution § of rotating 
water 

Cell-wall material. The choice of 


for the water cell depends 
several factors, including the pH 
he isotopes involved, and the 
ctivity in the The 

f radioisotopes by plating out 
the 


is metallic or if the water pu 


waiter. 


ell wall is increased if 


ipproximately 7. However, it 


no practical significance for 

ng drinking water, where the 

activity is usually less than 
| 107° pwe/sem?,. 

e-month test to detect plate-out 

is been made of the ORNL drinking 

wate Negative results were obtained 


with brass and polyethylene sample 
Had radiation been detected on 
still 


significant 


ills. there would not 


peen a iInere“use in 


und counting rate unless 


radiation were present or 


particles of greater than 


Mey. 
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beta 
about 2.1 


energy 


In practice, the 1l-mm water wall is 
effective shielding for beta emitters of 
somewhat 


the 


a maximum energy higher 
2.1 Mev, 
betas emitted occur at about one-third 
Where the 
flow to be monitored contains a gamma 
than 


pe, em, the water cell 


than since majority of 


maximum energy wate 


emitter of concentration greatet 
about 1 &* 107° 
should be 


made of polyethylene o1 


unplasticized polystyrene. 

The rise with time of the background 
counting rate due to plating out would 
depend upon the solution pH and the 
gamma-emitting isotopes 

then 
The addition of 
HC] liter of water, to 

) 


reduce the pH value to less than 2, 


amount of 


present and plating-out char- 


acteristics. several 
drops ol pel 


would be particularly helpful in re- 
ducing plate-out 

P*? contamination, particularly trou- 
blesome in this respect, is difficult’ to 


remove from the cell wall. 


Radiation Detector 

The choice of a radiation detector is 
influenced by the energy spectrum of 
the unstable isotopes. 

High-energy detector. If the ac- 


tivity includes mixed fission products 


Amphenol connector 
No. So- 239 ~~. 





tL 





Thread,cement- 





Connection pin 





OOO!"stainiess 
steel wire- 


End weight--~ 


Pliofilm shell-“” 





End cap---- - 


FIG. 3. ORNL alpha-beta counter 


beta 


maXimMui 


significant percentage of 
about 0.7-Mey 
the detector suggested is a 
G-M the 
Radiation Counter Laboratory Mark | 
Model 11.) Such a having a 
wall of about 30 detects 
beta 
greater than about 0.16 


or a 
emitters of 
ol higher, 
thin-wall counter, such as 
counter 
ng cm 
party les ol 
\ley 


practice is useful where the maximum 


incident energy 


and in 


energy of the beta particle is 0.5 Mey 
or higher. The background counting 


rate of the shielded counter is about 
35 ¢pm. 

Low-energy detector. 
tection of beta particles of less 
0.7-Mev 
alpha particles, 
ORNL drawing D-9638 


betas of 


Where de 
than 
about 


MAXIM energy, or 


Is required ill alpha- 
beta counter 
about 

This 
hig. 3 


less than 


sensitive to incident 


20-kev energy or higher is used! 
is a eviindrical Geiger counter 
with a 0.0002-in.-thick 
0.7 mg/em?*) of 
(Phofilm). The 
flushed with 10% 
counting gas at a flow 
10 em? 
for 


Witil 


rubber hydrochloride 


eounter eontinu 


ously methane WO, 


argon rate ofl 


about min; other more 


suitable operation Creiget 


region could be chosen. The gas flow 


and pressure required to eliminate air 


35 








To counting gos 
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Motor 
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FIG, 4. 


Liquid-sample calibration unit 


from the counter depend upon the size 
and number of pin holes found in suc] 
thin rubber hydrochloride. Since the 
inner surface of the shell is coated wit! 
50 pe em 
the 


a transparent film of gold 
for electrical conductivity counter 
is photosensitive and must be shielded 
The shell is rugged 
may be collapsed without injury 


| Q5 »>») 


from light. ind 
The 
Geiger-region plateau is 
at The 
of the counter is about | in 
750 Sr + y? 


The background counting rate of 


~150 epm. sensitive region 
long at 
cpm with a source 
the 
when shielded with 3 in. of 
the 


mately 10 epm; the useful beta window 


counter, 


lead and water wall, is approxi- 
area is about 3.5 in’. 

Gas-flow control. 
beta counter requires a flow of 
differential 
flow ol 
this 


may be reduced if the counter shell is 


Oper ition of the 
counting 
2-mm-Hg 


gas at about 


pressure. In practice, 


a gas 
about 10 cm*/min is adequate; 
sufficiently gas-tight. 

The gas flow is metered with an oil 
manometer measuring the pressure 
drop across an impedance formed by a 
10-in. length of 0.031-in. 


ter stainless-steel tube 


inside diame- 
A gas bubbler 
may result in spurious counts due to 
pulsing of the counter shell \ pres 
sure-limiting device is formed by an 
tube which 


the 


inverted permits gas to 


escape if pressure rises above 

5-mm Hg. 
Mechanical 

to 


Fabrication of the gas control and some 


vacuum-pump oil is 


used avoid undesirable vapors 
other parts must include careful inter 
baking in a 


nal cleaning followed by 


vacuum oven to remove water which 
seriously affects the characteristics of 
the counting gas. 


When pressure is first applied to the 
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FIG. 5. 


m. the between 


vus-flo 


connections 


w controls, the tank 


gas-suppl 


the 


ind the alpha-beta countel should be 


made cautiously after preliminary ad 
of the 


to wy 


justments tank and regulator 


| 


eS oid blowing OllL out or 


injuring the counter shell. 


Calibration Unit 
Che Fig. 4 
to measure the response of a radiation 


to ol 


calibration unit is used 


detector solutions known a 
tivities and various maximum energies 
with a geometry closely approximating 


cell 


The response, 


that of the continuous-flow water 
and detector assembly. 
in epm, is plotted as a function of the 
radiation energy and activity, giving 
a graph of the sensitivity and energy 
dependence of the system 

Sample ceil. 
the 


radiation detector is closely duplicated 


The configuration of 


continuous-flow wate! cell and 


by an S80-cm® liquid sample in a flanged 
sample cell of 131l-em* total capacity, 
rotor fixed to 


shaft 


placed in a hollow an 


1,800-rpm motor Centrifugal 


force forms a vertical water wall of 
ibout l-em radial thickness, lea, 
the alpha-beta 
Where 


ol alpha radiation Ol low-energ\ 


ng an 


air space into which 


solutions 


beta 


counter is lowered. 


particles are to be measured, a small- 
Fig. 5) 
Detector sensitivity. ‘The 
ergy dependence and sensitivity graph 
shown in Fig. 6, is for the ORNL alpha- 
beta countet The net count- 


the 


volume cell is used 


beta-en- 


Fig. 3). 


ing rate is a linear function of 


maximum beta energy between about 
0.9 and 2.3 Mev. 

The response of the RCL Model 11 
G-M tube was determined under sub- 
the conditions A 


stantially same 


temporary setup was used to accom- 


ell 


Calibration-unit sample cells 


the 
described 


here since that tube would normally be 


the increased length of 


tube; it is 


modate 
commercial not 
in the continuous-flow unit. 
In 


instrument ts 


used on 


Liquid-sample measurements. 


practice the calibration 


ilso useful for radioactive 


mensuring 
1d 


it is desirable to assess quickly 


where 
the 
Where 


the identity of the unstable isotope is 


liquid sumples, of SO cm 


approximate activity of fluids. 


measurements of activity 


the 


Known mia) 
between 


10 


be made approximate 


limits of | "and | LO? we em 
depending somewhat upon the energy 
of the particles. 

If the 
brated 


a Lueite 


calibration unit is also cali- 


lor instance, 


0.015-tn. 


with an absorber 


evlinder of wall 
50-mg cm sliding ove 
shell), a graph of N\/N 


maximum beta energy 
the 


thickness o1 
the counter 
plotted against 


permits assessing 


approximate 


maximum energy of an unknown 


emitter 


Experimental Results 


The continuous-flow water monitor 


Was operated for several months, 


attached to a supply of drinking water. 
The that 


water supply would likely be by both 


possible contamination of 


bet L ol 


RCL 


low-energ\ 
Thus, the 
Was used, 


tube 


high- and gamma 


emitters Model 11 
detector 
connected to 


The Geiger was 


a commercial sealer (scale of 8), which 
fed into a Streeter-Amet 
Model SCI-4 


intervals 


mechanical 
recordet The recorder 


printed at 15-min with a 


not than 7 
The 
recording 
1.32% 


15-min 


recording error greater 
inte- 


the 


counts/15 min. maximum 


grating and error of 


system is about The expected 


in the background 
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Variations 





count are within +12% of the average 


at the 0.99 confidence level, so it is 
feasible to calibrate the sensitivity of 
the monitor in terms of the over-all 
the 


Threshold detection of activity is then 


response at mechanical recorder. 
a net counting rate equal to 15% of the 
1.5- 
would 
concentration of 3 & 10~' 


averaged background, and, for a 
Mey 


occur at a 


beta emitter such as Sr*’, 


wey em 
Where increased sensitivity is re- 
the 


particles or low-energy beta radiation, 


quired = for detection of alpha 
the ORNL alpha-beta-gamma counter 
is suggested. In general, the applica- 
tion of that counter is logically in the 
laboratory or equivalent surroundings 
because it is a continuous gas-flow type. 
(10% 
ane, 90% argon) results in a sensitivity 
to tast 


The hydrogenous gas meth- 
polonium- 
field of 
sec gives a net counting rate 

A field of 1 on 
and would result in an as- 


neutrons from a 


beryllium source such that a 
12 n/em 
of 40 e¢pm em?/sec Is 
detectable 
sumed beta concentration, 
\ radium source (0.18 mg in !o-mm 
at 50-cem distance gave 
The 
source at 50-cm distance, using 
tube 


wall 


ounting rate of 32 epm. 


gave a net counting 


30 cpm. The values cited are 


detectors in the 3-in.-thick lead- 
| shield in normal operation. 


The minimum amount of solution 


detectable is determined by 
iriations in the background count- 


ing rate Radiation sources influenc- 


ing the background count include: 


radiochemical processing and reactor 


is discharge, portable or trans- 


used in’ laboratory 


portable 


| SOUTCES 


work, and the transporting of waste 


The 


at a considerable distance from 


products monitor should be 
located 
and 


uncontrolled thoroughfare, 


from. radioactive dis- 


As the 
distances 


us 
wind direction does 
inge are desirable 
i reactor site is involved. 

x- 


Potassium-40 measurements. 
. the 


posure of the human being to 


principal natural radiation sources 


cosmic ravs, U-Th-Ac isotope series, 
KX*°) is assessed at 0.6 mrem/day 

K* is of particular interest be- 

cause, as a fixed-percentage component 
of natural potassium (3), it is present in 
such body fluids as blood and urine and 
ivailable for test measurements by 


the liquid-monitoring apparatus. 
The concentration of potassium in 
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approximately 2 
Water 


10 mg/em® of 


blood or urine 1s 
solutions con- 
K were 
measured in the calibration unit, giving 
counting rates of 5.4 + 0.7 

28.4 + 1.6 


mg/gm (4, 4). 
) 


taining 2 and 
net 
and 
The response of the instrument is then 


epm 
cpm, respectively. 
approximately 1 cpm, net, per 0.35 mg 
of K per em®*, and a solution of 2 mg of 
Other 
measurements were made with body 


K per cm? is readily detected. 


fluids, and the results were in agreement. 
Plutonium-239 measurements. A 
Pu**®* (in 1M HNQOs) was 


and measured for alpha 


solution of 
processed 
activity by counting in a windowless 
The 
activity measured was 7,560 dpm/em4, 
or 3.4 & 1073 pe/em', 


gas-flow proportional counter. 














FIG. 6. Energy dependence of RCL and 
ORNL detectors (determined with calibra- 
tion unit) 


A check was made for beta activity 
by interposing absorbers between the 
The net 


counting rate was zero when the total 


sample and a beta counter. 


absorber was 4 mg cm?®, indicating no 
significant amount of beta radiation of 
greater than 50-keyv energy. 


the 
Pu2*® solution with the calibration unit, 


A measurement was made of 


using the alpha solution cell (Fig. 5) 
The counter was operated in the Geiger 
region, because a constant collector 
voltage is contemplated for the continu- 
ous-flow water monitor. The alpha- 
solution activity measured 260 net cpm. 

The response of the calibration unit 
to 5.15-Mev alpha radiation in a 1.3 
10-° pe/em* solution is 1 cpm. The 
5.15-Mey 
detectable 
by the calibration unit depends some- 
For 


counting interval 


minimun concentration of 


alpha activity in solution 
what upon the counting interval. 
Instance, a 10-min 


averaging 13 cpm (3 epm, net) would 


indicate the of 3.9 1.2 x 
10°° pe 


that value being correct 


presence 
em® with a 2:1 probability of 


A rough calculation relating the 


alpha concentration and = range in 
water, and the counter geometry, was 
made as follows: 

1. The range of a 5.15-Mev alpha is 
about 36 mm in air, or 0.0043 em in 
water. The annular air gap and the 
0.7-mg/em? counter wall are equivalent 
to 0.85 em of air, leaving 2.75-cm range 
in air or 0,0033-cm in water. 


2. The 


region window 6 ¢m in circumterence 


counter has «a sensitive- 
and 3.7 em in length, giving an area of 
22.2 the 


two major axes, the geometry of that 


ecm*®, Assuming a mean of 


window for a point on a 2.6-em- 


diameter cylindrical water wall is 
approximately 35%. 

3. Alpha particles penetrating into 
the the 


would nominal 


countel 
S.l-cm 


sensitive region of 


come from a 


circumference X 3.7-cm length X 


0.0033-em depth, or 0.1 em*, at a 385% 
geometry. Then the geometry of the 


counter, related to dpm/cm®, is 3.5%. 

4. Given a solution activity of 7,560 
dpm/cm', at 3.5% geometry, the cali- 
bration unit counting rate should be 
204 The the 
caleulated and observed counting rate 


epm., error between 


is about 2%. The assumptions made 
that the 


agreement is probably due to several 


involve errors such close 


errors cancelling. 
* * * 


Preliminary objectives of the continuous- 
flow water monitor to be developed were estab- 
lished in wih J 
former Director of the Office of Research and 
Vedicine, AEC, Oak Ridge, 
F. Western, former Associate Director, 
Physics Division, ORNI 


Some of the biological applications and un 


conversations Roberson 
T¢ nneassee, and 


Health 


published values for the marimum permissible 
concentration of unstable 
drinking water were provided by K,. Z. Mor- 
gan, Director Health Phyar . Division, 
ORNL, and Chairman of the Subcommittee on 
Internal Dose, the National Committee on 
Radiation Protection Vational Bureau of 
Standards The interest of W. K. Eister and 
yr. ¢ VWUeCullough, Chemical Technology 
Division, ORNL, has furthered the 
in the 


adiochemical process effluents 


some isotopes in 


inatru- 


ment's application field of monitoring 
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Nuclear Emulsion Techniques 
for the Measurement 
of Neutron Energy Spectra 


By LOUIS ROSEN 
University of California 
Los Alamos Scientific Laboratory 


Vew Mexico 


Los Alamos, 


PROCESSING OF EMULSION PLATES and 


selection of optical  plate-scanning 
equipment were considered in the first 
part of this article (NU, July, 1953 
p. 32). Energy measurements on 
extended anisotropic neutron sources, 
such as reactor flux, and measurement 
of point sources with a nuclear plate 
detector and hydrogen or deuterium 
radiator were considered 

We shall now proceed to the oldest 
and still the most widely used method 


for neutron spectrum measurements 


Plate as Radiator and Detector 

In this case, the photographie plate 
is used as both radiator and detector 
the tracks being due to recoil protons 
the H? in This 


method permits one to go to lower 


from the emulsion 


neutron energies and lower neutron 


intensities. * 

Although this method has long been 
used to obtain relative numbers. of 
as a function of energy, it Is 


that a 


neutrons 


only very recently serious 


attempt has been made to deduce 


flux as a 
function of this 
problem with which we shall primarily 


absolute values for neutron 


energy (3). It is 


concern ourselves, since the problem of 
relative energy distributions is but a 
special case of the problem of abso- 
lute energy distributions. [Barschall, 
Rosen, Taschek, Williams (81 
have discussed the difficulties inherent 


and 


monoenergetic- 
by this 


in making absolute 


neutron flux measurements 
method.] 
Plate exposure. 


neutron-spectrum determination using 
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To earry out a 


the nuclear emulsion as both radiator 
ind detector, one exposes the photo- 
to the 

The 
source of neutrons is approximately in 
the the 
axis making a small angle with 
the 


Figure 5t shows the geometry for such 


graphic plate, in good geometry 


neutron flux to be analyzed. 


the plane of emulsion long 
plate 
the direction of neutron beam. 
an experiment, and Fig. 6{ is a photo- 
micrograph of a typical track produced 
by an H' nucleus that suffered a direct 
hit by 


The plate is wrapped in black paper 


a 14-Mevy neutron. 


vith a thin sheet of platinum sepa- 
rating the the 
The thin shield 
recoil protons in the paper from passing 
the 
which, although eliminated in 


emulsion from paper. 


platinum prevents 


into emulsion and producing 
tracks, 
the analysis of the plate, would add 
nothing except further complications 
to an already difficult task. 

Plate analysis. The plate analysis 


carried out in one of two 


is generally 
The 
measure the projected length (/, in 
Fig. 2 


vithin a defined volume of the plate, 


usual procedure is to 


WAYS 
of each track which originates 
proceeds within the bounds or a rec- 
tangular pyramid of given half angles 
4 and @, and ends within the emulsion. 
Che axis of the pyramid of acceptance 
is taken parallel to the projection of the 


*At 14 Mev, a neutron flux of approxi- 


nately 2 K 108/cm? is required to project, 
half 


begin 


pyt amid of 
that 


within the bounds of a 
ingle 10 deg, 25 tracks/mm 


ind terminate within an emulsion layer 


2004 thick With 


~15 times this intensity is required to give 


radiator and detector, 


in equivalent track density on a 200u emul- 
ion so oriented with respect toa 10 mg/em 
polyethylene radiator as to afford com 
parable angular resolution 

4 appeared in Part I of this 
1953, p 32 


done b 


+t Figures 1 
irticle (NU, July 

t Photomicrography Margaret 
Gibson 

§ Equations 1 


© Bl and C2 emulsions have very 


7 appeared in Part I 
nearly 


the same composition and stopping power 


incident neutron beam direction on the 
OA in Fig. 2). The 
the proton 


emulsion surface 
absolute range L) of 
recoils, in the unprocessed emulsion, is 


from L RR, cos Y see 


where 
[* } cos cos py 2r sin pdy 


Er t cos Y 27 sin pf dy 


determined 


Fig. 2 


2(cos? y COS Wimax + 1) 
”— 


COS Wuax + | 


. Is defined by 


and 
WT sili Wr ax 


~ 
Fnax = Pmax 


fsin @ SIN Qmax 


15 deg 8) 


the recoil is 
determined from the appropriate range- 
If the data of Brad- 


75) or Rotblat (76) are used, 


The energy of proton 


energy relation. 
ner et al 
one must correct for the difference be- 
tween wet and dry emulsion when the 
The 


h w- 


plate is not exposed ina vacuum, 
Lattes, 


however, are 
‘ 


range-energy relation of 


ler and 


directly 


Cuer (74) 
applicable to Bl emulsions, 


which are at 50% relative humidity. 
The range in dry emulsion is approxi- 
mately 3% less than the corresponding 
range in an emulsion at 50°% relative 
humidity. 


The 


produced it 


of the neutron that 


energy, LF, 


given proton recoil of 


energy i, is now determined from 


E, = E,/cos? p 10) 
where cos? p is the average value of the 
cosine squared of the angle between 
the incident neutron and recoil-proton 
directions and is given by 


cos? p cos" y * cos’ 4 
Ymax S 15 deg (11) 

the incident 
HXIS 


is the angle that 
makes the 
the 


tracks are 


and ¥y 
along 
the 


usually the long 


neutron with 


which projected lengths of 


measured 
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A nuclear plate used as radiator and detector allows measurement of low-energy 


and low-intensity neutron point sources. 


Applications of the emulsion technique 


to high-energy sources and inelastic neutron interactions are described in detail 


plate iXIs cos* ¥ 
ficient 


is given with suf- 
rccuraey by 
| cos? y 27 sin y dy 
| 27 sin y dy 
4 CO8* Y max + COS Ymax +1) (12) 


Similart the average cosine squared 


ingle y Is 
cos* Winax + 1) 


yproximations implied in’ kqs. 


ol the 


1/2 (13) 
The i} 
8-13 lead to errors of less than 1% in 
E. for Quas 
For more 
Allred’s and Armstrong’s “Laboratory 
Handbook of Nucleat 
SZ The above procedure reduces 


data to the form of relative number 


@max and Y max < 15 deg. 
rigorous equations, see 


Mier SCOP wi 


vs corresponding neutron 


ol protons 
energ) To make the transformation 
neutrons vs 
still take 


of the variation of n-p scat- 


to relative number of 


neutron energy, one must 
count 
tering cross section and escape proba- 


Dilit vitl 
The alternative 


neutron energy. 
method of plate 
sis is used when utmost resolution 
ired. The 
followed with the exception that, in 
iddition to R,, @ and tan ¢’ 
measured for each track, and y, L, FE), 
ind | 


Since 


same procedure Is 


are also 


are determined for each track. 


the caleulations now become 
quite t me-consuming, we have adopted 
the practice of performing these calcu- 
IBM 
model 2, 605-527) into which is fed an 
equation for the range-energy 

along with R,, 6, and tan ¢’. 


For dry emulsion the range-energy 


itions on an machine (C.P.C.,, 


curve 


‘lation can be represented by 


0.381R" 
+ 0.002778SR (14 


0.47 


Mev. For 
track is 


wet 


for 0.5 < E, < 
the 


15.0 


emulsion range of each 
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PART TWO 


multiplied by an appropriate constant 
prior to the application of Eq. 14. 


FIG. 5. Source-detector geometry for meas- 
uring neutron spectrum from point source 
using plate as radiator and detector 


FIG. 6. 1,000u track 
At left are first and last 95y of track 


in C2 emulsion. 


At the two or three energy regions 
where the fit is off by more than 50 key, 
the make 
appropriate corrections. For each set 
of measured quantities (R,, @ and 
tan ¢’), the IBM calculates L, £,, and 
FE, at the rate of 30 tracks/min. From 
this point on, the treatment of the data 


machine is instructed to 


is the same regardless of the method 
used to analyze the plate. 

The flux of neutrons of energy F, 
in the energy interval dE, is given by 
F(E, dE, 

imN(E,)dkE, = 
= =— (15) 
inP (le, p( En) COS p Vo 


where P(/) 


of given length, J, 


probability that a track 
does not leave the 
atoms 


emulsion; 7 number of H! 


per unit volume of emulsion; V 
emulsion volume analyzed; and © 
acceptance of proton 


solid angle of 


recoils. The remaining symbols are de- 
fined as in Eq. 2 (Part L of this article). 
It is seen from Eq. 15 that a neutron 
spectrum measurement on an absolute 
implies a 
©, and Pil). We 
shall consider each of these factors, 
Hydrogenatomconcentration. The 
evaluation of n is complicated by its 


flux scale 


neutron precise 


evaluation of n, V, 


dependence upon the water content of 
the emulsion and hence upon the rela- 

Ilford Ltd. give a 
0.056 gm/em* of H' in C2 
at 50% R. H 


From 


tive humidity. 
value of 
and normal 
this 


and from Ilford’s data on the variation 


emulsions 
room temperature value 


of moisture content and density with 
relative humidity, the values in Table 2 
are obtained for hydrogen concentra- 
tion as a function of R. H. 

An independent determination of H! 
concentration at 30% R. H 
mal room temperature has been carried 
out by Dr. A. R. Ronzio. The value 


obtained by him is 0.053 gm/em* + 


39 


and nor- 





This is considered to be in good 
The 


volume of emulsion analyzed is deter- 


= y 
a%. 


agreement with the above table. 


mined from the plate area scanned and 
thickness 


The thickness is measured by removing 


the unprocessed emulsion 


the emulsion from one or more corners 
of the glass plate backing and using a 
dial 
glass plus emulsion plus cover 


indicator to obtain readings of 
glass 
The cover glass is used between the 
dial-indicator finger and the emulsion 
to prevent depressions in the emulsion 
at the point of contact 

Solid angle of acceptance. Thi 
accurate delineation of © involves the 
measurement of angles in two perpen- 


shall call 
the horizontal angle and the dip angle 


dicular planes which we 


As previously noted, the horizontal 
angle is precisely and easily defined by 
using an eyepiece protractor or an eye 

piece graticule. To delimit accurately 


the dip angle, one uses the above 
measurement of the unprocessed emul 
sion thickness along with a measure- 
ment of the processed emulsion thick- 
ness in terms of the fine-focus screw 
readings of the same microscope which 
is to be used to analyze the plate 
These 
the 


corresponding to one division 


two measurements determine 


unprocessed emulsion thickness 
arbi 
trary units) on the drum_— which 
activates the fine-focus screw 

For angles of @ < 


sion shrinkage produces a linear trans- 


25 deg. the emul- 
formation in the depth coordinate of 
Thus, the 


above procedure immediately 


any point in the emulsion 


permits 


the delineation of a dip angle of accept 





TABLE 2—-H' vs R.H. in C2 Emulsions 


H} content 


(gm/cm*) 


Emulsion condition 


052 
054 
056 
056 
062 





ince with respect to the unprocessed 


emulsion in terms of the fine-focus 
screw motion per unit projected length 
of track. The this 


angle is then independent of the emul- 


measurement ol 


sion shrinkage factor and the calibra- 
tion of the graduation on the fine- 
focus adjustment drum. It is only 
that the 


linear 


fine-focus 
function of the 
within the 


necessary ScTreW 
motion be a 
motion 


resultant stage 


egion in which it is used For small 


angles (<15 deg), © is with 


given 
adequate precision by 4 X 6X @, 
where 6 and @ are the horizontal and 
dip angles in radians and refer to the 
unprocessed emulsion. 

The precision with which @ can be 
determined is improved by inhibiting 
contraction of the emulsion during 
This 
ment of the AgBr, which is removed 


processing. implies a replace- 


during fixation, by some other sub- 


stance. This can be accomplished by 
soaking the 
ifter processing, In an aqueous solution 
Although the 


analyzed at 


emulsion, immediately 


{ 


of glycerine. 


then be 


plates 


must constant 


relative humidity, because of the 





naked in aqueous solution 
f 10% glycerine for 6 hr 








of Neutrons 


Number 

















40 
Neutron Energy (Mev) 


42 44 46 











Energy resolution attainable with soaked and unsoaked emulsions 


hygroscopic property ol glycerine 


significant improvement in the deter- 


mination of © and in energy resolution, 
especially at low energies, can be 
realized 

Figure 7* shows the energy distribu- 
two nearly 


tion ol monoenergetic 


groups of neutrons as measured with 
unsoaked emulsions. A\l- 
little 


seen at 


souked and 
resolution 


marked 


difference in 
$8 Mev, a 
difference can be detected at 1.5 Mev. 

Tracks leaving emulsion. /(/), the 
correction for tracks leaving the emul- 


though 


can be 


sion, may be simply deduced from the 


following considerations on the = as- 
sumption that the tracks are rectilinear. 

In Fig. 8, let ¢ again be the thickness 
of the processed emulsion, and let @’ 
and L, 
in Figure 2. It is apparent that for 
the probability, P(/ 
within 


denote the same quantities as 


L, sin ¢’ >t, 


lor tracks an acceptance dip 


angle of @’ ending in the emulsion 
is t/(2L, sin ’). The 


sumption being made here is that n-p 


additional as- 


scattering Is isotropic in the laboratory 
COS @ ~ 


t, let us 


system over the angle @, i. e., 
| For the case of Lp sin ¢’ : 
into a number of 


imagine ¢ divided 


each segment of length r 
where 7 L, 


Now since the average displacement 


Ili the 


segments 
sin @’)/2 

vertical plane of the end of a 
beginning is 
that, apart 
all tracks of length L, 
that start be- 


track relative to its 


L, sin @’)/2, it is seen 
trom scattering 


and dip angle < ¢’ 
tween a and d and 


irds will 


are directed down- 
emulsion 
that 


starting be- 


end within the 


volume It is also apparent 


While most such tracks 


tween d and e will also end within the 


emulsion, some will 


penetrate the 
On the other 


corresponding to the fraction of 


bottom of the emulsion 


l 


hand 


tracks starting between d and e and 
leaving the emulsion, there is an equal 


tracks 


remain in the emulsion. 


traction ol starting below ¢ 
which That 
is, the region below e compensates for 
those tracks 


region between d and ¢ 


which originate in the 
and leave the 
emulsion. It is therefore 
that for 
bility for tracks 
sion Is L, sin ¢’ 
L, sin @’)/2t. A 


vation of these factors is available (10 


apparent 
L» sin d’ < 5 the proba- 
emul- 


PD) ] 


more rigorous deri- 


leaving the 


2t and 


In using the preceding method of 


tracks 


evaluating the probability for 


* Plates analyzed by May Bergstresser. 
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FIG. 8. Geometry for calculating track P(I) FIG. 9. Profile of 950u track in vertical plane (200u-thick emulsion) 














leaving the emulsion, one tacitly for different track lengths, using the of protons will therefore yield results 
assumes either that the tracks are same tracks, but assuming that they that are fairly representative of the 
rectilinear or that the number of — originated at the appropriate distance — results obtainable from a large number 
tracks that leave the emulsion due to from the end of their ranges. The — of such trajectories. 
single and multiple scatterings are values of a and 6 were determined for Emulsion attenuation. It was men- 
equal in number to those that, un- each incline and for each length of each — tioned earlier in the text that in a given 
scattered, would have left the emul- track. The values of to, a, and b were experimental arrangement the plate is 
sion, but suffer scattering in such a then used to calculate the fraction of aligned so that the target is not pre- 
manner as to remain within the emul- — tracks represented by each profile and cisely in the plane of the emulsion 
sion. Neither of these assumptions is dip angle that would be retained This is done to prevent the neutrons 
completely valid and both give rise to — in to. from traversing large distances of 
serious errors when the product of Figure 10 shows the results of our emulsion, since the mean free path of 
track length and sine of the dip angle observations for 200u and 4004 emul- neutrons in emulsion is quite small. 
of acceptance exceeds ‘ot. sions, respectively, and acceptance Figure 11 shows the calculated 
It is difficult to compute a correction angles of 10 and 15 deg in the vertical maximum attenuation of a neutron 
to P even if one assumes only plane. The dashed lines represent the beam as a function of neutron energy 
coulomb seattering since tracks may — corresponding fractions of protons that and parametric in emulsion thickness 
be lost at any point along their are calculated to leave the emulsion, as traversed. Figure 11 is for Ilford 
trajectories. We therefore use an a function of proton energy, on the C2 emulsion at 50% relative hu- 
empirical method of correcting for the assumption that the protons travel in midity, the total cross-section com 
escape of tracks from the emulsion. — straight lines, i.e., using the previously — pilation of Adair (79) being used for 
The method adopted is as follows: obtained expressions for P(1). these computations. The data given 
The forms of the projections in the It should be pointed out that, al- in Fig. 11 may be used to calculate an 
plane of the surface of the emulsion though the number of tracks used for approximate correction for the selec- 
plane) of 100 tracks, each of the preceding analysis is small, each — tive transmission of neutrons through 
ngth S50-950u, were determined and — track represents the trajectory of a the emulsion if the average angle that 
to seale. The dashed line in — proton that has suffered a great many — the neutron beam direction makes with 
represents the profile, on the scatterings. Measurementsonthetra- the emulsion surface is known 
ulsion surface, of a track of length jectories of a relatively smal! number In practice, it is usually desirable to 
950u Now, since the observed changes 
n direction in the x,y plane oecur with 


equal probability in any plane, we can 





the fractional loss for a 
category of tracks with 
to a plane normal to the 
f the emulsion 
in be seen from Fig. 8 that if this 
track had an initial dip angle of @, the 
probability that it would end within 


200 yp emulsio 


the emulsion is simply [to — (a + 6)]/to, 
where f) is the unprocessed emulsion 
thickness. To simulate acceptance 
dip angles of 10 deg and 15 deg fon 
proton energies of 4, 6, 8, 10, 12, and 
13.2 Mev, the beginnings of each 


} 


section of track (measured from the 


Fraction of Protons Which Leave Emulsion 











end of the track corresponding to the 





: f 0 
above energies were made to coincide 20) 400 * 600 800 {000 0 200 400 600 800 


with inclines (both positive and nega- Range (microns) 








tive) of 2.5, 5, 7.5, and 12.5 deg with 





respect to the emulsion surface. In 10. Corrections for escape of tracks from 200 and 400u emulsions for acceptance 


other words, observations were made angles of 10 and 15 deg 
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limit the analysis of the plate to a small 
section nearest the neutron source and 
thus obviate the necessity for signifi- 
cant corrections due to attenuation of 
the neutron flux by the emulsion, glass 
It should 
be pointed out that approximately 50% 
of the total 
calculate the results displayed in Fig. 
11 is 


elastic scattering, which can have little 


backing, or platinum shield 


section used to 


CTOSS 


’ 
] } 
Smai-angie 


accounted for by 


or no effect either on the neutron flux 
or on the neutron spectrum at a given 
point in the emulsion 
Inelastic emulsion 
When a 
both radiator 


interactions. 


nuclear emulsion is used as 


and detector, the ques- 
tion usually arises as to the abundance 
of tracks from (n,p), (n.d nt), and 
(n,a) processes in the heavier elements 
comprising the emulsion composition 
since such tracks would probably be in- 
distinguishable from the tracks caused 
by protons from elastic collisions be- 
tween neutrons and H! nuclei 
Calculations have been made, on the 
data, to 


basis of currently available 


estimate upper limits for the ratio 
of the frequency of the projection of 
> 0.5 Mev, into the 


backward 


protons of energy 
forward and pyramids of 
half-angle 10 deg, by 14-Mey 


interactions with each of the elements 


neutron 


heavier than H', to the frequency o 
elastic seattering of H! nuclei into the 
same solid angle. The number of con- 
fusable protons from (n,p) reactions 
may represent as much as 15% of the 
total number of protons recorded from 
an exposure toa 14-Mev neutron source 
However, since the protons from in 
elastic (n,p) interactions are of relatively 
low energy because of large negative 
() values for many of the reactions, the 
number of what would appear to be 
almost 
the 
neutrons 
that 


tracks due to low-energy deuterons and 


neutrons would 
than 5% of 
14-Mey 


There is also the possibility 


“low energy” 
less 


certainly be 
deduced number otf 


tritons from (n,d) and (n,f) reactions 
tracks 
alpha particles, especially from 0'(n,a) 
(83), add to 
However, 


as well as due to low-energy 


reactions would further 
the low-energy background 
inclusion of such tracks would probably 
affect a neutron spectrum in the energy 
region below 14 Mev by less than 3% 
of the 14-Mev neutron intensity. 

At neutron 


10 Mey, one also observes a consider- 


energies in excess of 


able number of stars from the reaction 
C!(n,n’)3a. 


42 


An example of such a 


The alpha 


however, 


ar is seen in Fig. 6. 
particles from this reaction 
should cause no confusion. 
Finally one must consider the possi- 
bility of due to (a) recoil 
b) protons knocked 
that 


inelastic or large-angle elastic scatter- 


tracks 
heavy nue lel and 


on by neutrons have undergone 


ing in the emulsion, glass backing, 
platinum shield, or paper wrapping 
The maximum energy that a neutron 
of energy E, can impart to a nucleus of 
mass M is [4M (1+ M)*\E,, and the 
a particle varies inversely as 
It therefore 


the 


range ol 
the square of its charge. 
that 
nuclei in the emulsion will not produce 
as Kb, 


approximately 25 Mev. By 


becomes apparent heavier 


confusable tracks so long is less 
than 
indicated in 


varving the parameters 




















Neutron Energy (Mev) 











FIG. 11. Maximum attenuation of neu- 


trons by C2 emulsion 


that, under 


conditions 


b), it has been shown 


experimental (mini- 


good 


mum amount of seattering material 
along path of neutron beam consistent 
with geometrical considerations), the 
effect of (b) is essentially negligible. 
That 


correct’ has 


these deductions are more o 


been established by 


| 
l@SS 


comparison of neutron-spectra meas- 
urements in which the nuclear emulsion 
is used as both radiator and detector 
with measurements in which the plate 
is used only as a detector, a thin lave 
of paraffin o1 polyethy lene being used 
as the radiator. These measurements 
that, for a neutron 
Mev, a low-energy back- 
10% of the 
ascribed 
\4t,pP), 
and (n,@) interactions and 


show primary 
energy of 14 

ground of not more than 
primary neutron flux may be 
to all of the above factors [i.e., 
n,d), (n,t), 
recoils due to neutrons 


proton whose 


energies and/or directions have been 


altered by processes in the detector]. 


Energy Resolution 


At any given energy the 


resolution attainable is a 


energy 


function ol 


thickness 


when a target is external to the emul- 


angular resolution, target 


sion), and range straggling, which is 


taken to include the precision with 
which range measurements are made. 
Of these factors, the first two 


amount 


only 
are amenable to a significant 
of control by the experimenter. It is 
obviously desirable to keep the target 
as thin as possible, and the angular 


resolution as good as possible, since 


the energy spread induced by target 


thickness is directly proportional to 
this thickness while the energy spread 


due to angular resolution varies directly 


as tany 


between the incident neutron and recoil 


where ¥ is again the angle 
proton directions, 1.e. 


KE, E, sec? y 

dk, 2K, (tan W) dy 16) 
In any is usually 
the case 


given experiment, it 
that intensity and energy con- 
siderations pretty well determine the 
value of the product of target thickness 
and angular resolution 

At 14 Mev, the best energy resolution 
with the radiator 
to emulsion (Part I 
AE,/E, where AE,, is the full width at 
half is approximately 2% 
Fig. 4 
proportional to k,, AE, turns out to be 
more or less independent of energy in 
the region 2 Mev < FE, 16 Mev. 

The corresponding values of AE, 


attainable external 


expressed us 


maximum 


If target thickness is chosen 


with the emulsion as both radiator and 


detector, are approximately 1.5 times 


Below 2 Mev, 
usually preclude the 


as large intensity 
considerations 
radiator. In the 
the energy resolution attain- 
the both 
and detector is that 
AE, =0.3 Mev (Fig. 7), while at 
0.4 Mev AE, = 0.15 Mev 

Aside from statistical errors, absolute 


external region ol 
1.5 Mey 
able by 


radiator 


using emulsion as 


such 


neutron intensities as a tunction ol 


energy, Le., number of neutrons per 
unit energy interval and per unit solid 
angle, can be determined (in the region 
2-14 Mev) to 15% by the latter 
method and to +7% with the external 
radiator. The corresponding precisions 
with which relative neutron intensities 
versus energy can be determined are 

10% and +5%, 

As indicated 
detector emulsion does permit meas- 
urements down to 0.4 Mev. 
although 0.4-Mey 


detected with 100% efficiency, solid- 
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respectively . 


above, the radiator- 


However, 


protons can be 





delineation problems prohibit 


ing 
absolute neutron-intensity determina- 
hetter 35% in the 


tions to than ~ 


region 0.4to 1 Mev. Relative neutron 


intensity determinations can be made 
20 % 


to ~ in this region. 


APPLICATIONS TO SPECTRUM MEASUREMENTS 


ill now consider the applica- 
nuclear plate techniques to two 
neutron- 


problems involving 


im measurements. 


T(d,n)He’ Reaction 
\s soon as the availability of tritium 

» possible the use of the 7'(d.n)He* 
high-intensity 


is a source ol 


neutrons, it Was of con- 


ile practical interest to determine 
whether the neutron spectrum from 
i source Is indeed monoenergetic 


xcited states of Het would 


such 
or whether ¢ 
n evidence with resulting emission 


lower-energy neutrons. It was 
ilso important to determine the Q value 
or values) for the above reaction. 
The answers to both of these ques- 
tions could be obtained by an analysis 
the 


make such an 


of the neutron spectrum from 


reaction. To 
the 


subjec t 


analysis external radiator was 
The geometry was analogous 
hig. 3, 
gle exception that no collimator 
a The the 
ingle of 90 deg with respect 
200-ke\ 


incident on a 


illustrated in with 


“axis Ol camera 


ionized beam of 
that was 
i-tritium target. 
12* shows the dlis- 


of the 
from the photographic detec- 


range 


recoil protons as 


range plotted is the meas- 


jected range divided by the 


the angle of projection in 


the unprocessed emulsion. Emulsion 


shrinkage was 2.3 To correct 


more 


conveniently for straggling and radi- 

thickness effects, the extrapolated 

determined from the integral 

d converted into a mean range 

he mean range ob- 

1,012 + 20u 

the emulsion used, to a 
E,,) of 14.0 + 0.2 Mev 


as in this experiment, 


proton 


which eorre- 


obtained to 
the 
Ly EB pP?max Where 


the neutron energy Is 
adequate precision by 


ilue ot E, by 


angle relative to the neutron 


increasing 
above 
Duo = the 
direction within which recoil protons 
The 


ire considered for measurement. 


* Plates analyzed by Rexine Booth and 


Pearl] Norwood 
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0.2 Mev. 


since oul 


neutron energy is thus 14.2 
The @ for the 


angle of observation was 90 deg with 


reaction, 


respect to the incident deuteron beam 
and the conditions of ‘good geometry ”’ 


were very adequately satisfied (84), is 
(M, T Vu : E, 
Wine! 


Q 

Wn?) Ea 
Vite! 
17.7 + 0.3 Mey 17) 

The Q value obtained from the most 
recent values for the atomic masses of 
H*, H’, He’, and Het is 17.58 Mev. 

It is noteworthy that the half width 
at half maximum of the proton range 
peak (Fig. 12) is completely accounted 


for by the straggling term 


(S? + S, S S,?)” (1S) 


where S range straggling for 14-Mevy 


protons, Sy, apparent range strag- 


measurement 
the 


region were considered 


gling due to errors in 


(track 


14-Mev energy 


length determinations in 


accurate to 1.4% Sa apparent 


range straggling due to finite angular 





Neutron source Tid.n)He* (10O-kev deuterons) 
10 mg/cm? 


oo yethy ene 


Radiotor 
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2 Dd 


Number of Tracks 
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Range (yp) 








FIG. 12. 


Recoil-proton range distribution 














FIG. 13. Neutron spectrum corresponding 
to proton energy distribution of Fig. 12 


resolution, and Sy 15 the emulsion 
equivalent of the polyethylene radiator. 

The energy distribution of the inci- 
dent neutrons inferred from the energy 
distribution of the recoil protons, after 
making corrections for thickness of 
radiator,* finite angular resolution, and 
the variation of the n-p scattering cross 
section with neutron energy, is given in 
13. It is this 
curve, even if it is assumed that all of 
the that 
into the photographic emulsion were 


the 7Tid.n)He* 
and proceeded directly from the tritium 


Fig. apparent from 


neutrons projected protons 


produced by reaction 
target to the polyethylene radiator, 
that no group of neutrons exists cor- 
responding to an excited state of the 
alpha particle in the region of 2 to 
12 Mey 


than 2% of the primary group 


having an intensity greater 

The upper limit of 12 Mev is deter- 
mined by the thickness of the poly- 
ethylene radiator for low-energy neu- 
trons as well as by the maximum neu- 


The 


is determined by the 


tron energy available lower 


of 2 Vey 
resolution of the method. 


limit 
The resolu- 
turn determined from the 
the 
representing the primary neutron group 

It will be noted that 


well borne out by 


tion Is in 
width of number-vs-energy peak 
these conclu- 
the more 

These 
data show no group of neutrons with 
than 1.59 of the 


primary group and of such energy as to 


sions are 
recent data displayed in Fig. 4 
intensity greater 


correspond to an excited state of the 


alpha particle between | and 13 Mey 


Inelastic Interactions 
As the second example, relerence is 
made to some very recent work on the 
energy distribution of neutrons result- 
the 
neutrons 
The 


measure the differential 


ing trom inelastic interaction of 
14-Mev 


ments, 


with various ele- 


problem here was to 


cross section 
with respect to energy for the emission 
of neutrons when various elements are 

bombarded bv 14-Mev neutrons 
For these experiments, the nuclear 
emulsion was used as both radiator and 
detector. Plates were exposed to the 
neutron 


neutrons from a  14-Mey 
—— =, 
* The correction for thickness 
adding to each track 


radiator 
was made by before 


converting to energy, a length (50) cor 
responding to the emulsion equiy vent of 
one half the radiator thickness 
t Many of the low-energy 
undoubtedly 


the polyethylene radiator 


protons were 
which 
after 
ind /or inelastic 


produced by neutrons 
arrived at 
suffering one or more elastic 


scatterings. 
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source, isolated insofar as 
from all scattering material, and to the 
same source surrounded by a _ thin 
spherical shell of the material under 
investigation. 

Figure 14 shows the 
measurements on approximately 20,000 
tracks. 


neutrons 


results of 


The energy distribution of the 


from each of the elements 
investigated, including even Al and ¢ 
is approximately Maxwellian up to 4 


Mev and can be represented by 
a(Ko, E,)dE, E,, exp 
E,,/T)dE, 19 


const 


where a(>, E,,) is the differential cross 
section with respect to energy for the 


emission of neutrons of energy /, when 


FIG. 14. Neutron-emission cross 
bombarded by 14-Mevy neutrons 
the incident neutron energy is / ind 
T is analogous to a temperature, at an 
excitation energy /y, of the residual 
nucleus. 

The shape of the energy distributions 
would seem to give support to the 
validity of a statistical approach to the 
14-Mey 


number > 50 


with 
How 


tpPproni 


interaction of neutrons 


nuclei of mass 
ever, it is noteworthy that the 
nuclear tem- 


mate variation of the 


perature (3) with mass number 
deduced from the measurements repre 
sented in Fig. 14 and Eq. 19, is not in 
agreement with predictions of sta 
tistical theories, 

The answer to the riddle 


the possibility that, although a respect- 


may lie in 


able fraction of neutron interactions in 
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possible 


section vs 


Mey 


formation of a 


does proceed 


the region of 14 


by way of true com- 


pound nucleus with rapid sharing 


of energy among all the nucleons and 
subsequent boiling off of neutrons 
a not-negligible fraction of the inter- 
nucleon- 


actions proceed by way ol 


which only a 
The latter 


mechanism is practically unavoidable 


nucleon encounters in 


few nucleons are involved. 
if one is to explain the recently observed 
high cross sections for (n,p) and (n,q@) 
processes, 
These 


general categories of information readily 


applications illustrate two 
obtained from precise measurements of 
neutron spectra. 


There is currently considerable theo- 


energy of emitted neutrons for elements 


retical interest (85) in the energy and 
ingular distribution of neutrons result- 
ing from the inelastie collision of fast 
neutrons with heavy nuclei. It is 
quite possible that such experiments 
with 14-Mey 


the same way as the 


can be carried out neu- 


trons in much 


experiments of Stelson and Preston 


4) at 1.9 Mey 


however, 


Instead of a paraffin 


collimator, one would use 
i collimator of the tvpe shown in Fig. 3. 
\ target of the element under investi- 
gation Is placed on the axis of the 
and at the 
occupied by the center of the camera 
in Fig. 3. Nuclear 
target 


collimator position now 
emulsions are 


placed around the with then 
long axes in the horizontal plane and 


on radii that intersect the center of the 


shields the 
direct 


The 


emulsions 


target collimator 


nuclear from the 
beam and an additional paraffin shield 
may be placed behind the collimator 
and around the detectors in order to 
shield them from room- and air-scat- 
tered along 


neutrons. Experiments 


these lines are now being considered at 
this laboratory. 

Such measurements may well prove 
to be one of the most powerful means 
at our disposal for probing the nature of 
forces and about 


nuclear bringing 


a better understanding of nucleat 
structure 

Although at the present time nuclear 
emulsions offer the best solution to the 
problem of neutron-spectrum measure- 
assumed that 
Plate 


and 


ments, it should not be 


such will alwavs be the case. 


work is quite arduous 
time-consuming (20-60 tracks per hour 


is about all that 


analysis 
one can measure 


precisely given a good plate exposed 


much above 


hope that a 


to neutrons of energy not 
14 Mey One 


neutron 


might 


spectrometer, perhaps using 


proportional counters in coincidence 


with a erystal from which the pulses 


are fed into a gated multichannel 


energy discriminator, could be devised 


that would compete favorably with 


photographie emulsions on the basis of 
accuracy and adaptability. 
In considering the advisability of 
in electronic spectrometer in a 
must 


experiment however, one 


not fail to take account of the fact 


that nuclear plate methods are = in 
lof accelerator 


hight 


general very economica 


time as well as the time of 


technical people 


staff of Gro 
of the Los 
the auspice 


1/amos 


pa tu ila ly 

who carried o 

the results o 

jresented and who othe 


acilitate the 


preparatvor 


and to Rexine Booth and 


forming most of the j 
Fo typing and 
the author is 
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Hazard Evaluation 
and Control After a Spi 
of 40 mg of Radium 


It took 3 months of difficult work to clear a building contaminated by 40 mg of 


Personnel brought contamination into their homes, and Rn in the air exceeded 


Ra. 


safe levels for 2 weeks. 


By R. K. SKOW, 
V. V. VANDIVERT, and 
F. R. HOLDEN 
l’. S. Nava 
Defer 


San | 


Radiological 
€ Laborato j 


sco, California 


(N UNNOTICED SPILL of radioactivity 
contamination — of 
personnel This 


was learned recently by the U. 8. Naval 


ean CHUSE severe 


ind phy sical facilities. 


diological Defense Laboratory when 
vas called upon for assistance after 


iss capsule containing 40.3 mg 


of radium sulfate was unknowingly 
in a student laboratory. 
after the 


USNRDL personnel found widespread 


stepped on 


hours spill, 


Sixtee 


tion of the building and the 
hands, clothing, and personal 
Several task forces were 
reated to detect, control 

the contamination on 

The 


and no decontami- 


ind their property. 
sented 
rocedures were applied until 
irgent problem of contami- 


f the students was controlled. 


Personnel Contamination 
rst] 
contamination picked up by 


roblem to be worked on 


nnel in the laboratory. 
Bodies. A number of the students 
had 1 ram amounts of radium on 


the backs and palms of their hands. 


Routine cleansing and scrubbing with 
oap and brushes was applied immedi- 
ite ifter detection of the contamina- 


but the cleansing was only par- 


successiul The hair and legs of 
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the students were also commonly 
contaminated. 


Clothing. The clothing 
worn by the students and instructors 


and shoes 


were heavily contaminated. The soles 
of shoes, pockets, and lapels commonly 
had @ counts as high as 200,000 dpm. 

Personal effects. Such personal 
property of the students as their auto- 
mobiles and homes were also heavily 
All surfaces normally 
feet 


It was possible to trace (out- 


contaminated, 


touched by hands and were af- 
fected. 
line) the footsteps of some of the 
students into their homes and to follow 
thei 
taminated in the 


where he had lain down. 


Was Con- 


the stu- 


movements, A divan 
outline of 


dent’s body 





TABLE 1-—-Radium Contamination of 
Objects in the Home of One Student 


Alpha actinity* 


Object dp S65 cm? 


Door knob 1,500 
Towel 3,000 
Pillow 1,000 
Water faucet 125 
1,700 
2,300 
2,700 
3,000 


275 


Bed spread 
Carpet 
Armchair 
Writing desk 
Slippers 
1000 
1,500 
20,000 + 
1,500 
1,500 


Chair seat 
Pencil 

Shoes 
Clothes brush 
Raincoat 


* Measurements were made 


flow proportional counting instrument 





with a gas- 


This article gives the practical experience gained 


Table | gives the data from investiga- 
tion of one home. 

In automobiles, the flooring, foot 
pedals, and steering wheel were most 
Alpha activity 
on the floor mats was commonly of the 


order of 20,000 dpm, 


generally radioactive. 


Building Contamination 

The first entry of the building was 
made three days after the spill occurred 
to determine the extent of the 
tamination and to locate the primary 


con 


spill for possible recovery of the radium. 
The group 
clothing including rubber boots 


survey wore protective 
rubber 
gloves, cloth hoods, and rescue breath- 


RBA’s 


marked 


Ing apparatus The spill was 
located 


ments were made of the contamination 


and and measure- 


levels of the air and the surfaces in the 
room, 
The air-borne, long-lived alpha ae 


measured 1,000 dpm ft® (maxi- 


tivity 
eoncentration = lor 
dpm it The an 


measured 10,000 


permissible 
0.33 
borne radon activity 
dpm, ft 
centration for radon is 630 dpm, tft 
Near the spill 
ation 1 ft 
20 mr/hr. 

Because of the 
distribution of the radium, the extent 
off-scale 


hth 
radium is 


(maximum permissible con 


the beta-gamma radi 


from the floor measured 


wide and random 


ol areas giving Instrument 
readings, and a scarcity of instruments, 
no effort was made to document com- 
pletely the extent of the contamination 
The off-scale readings exceeded 30,000 
dpm/85 em? alpha activity. 


Rooms and areas in the building fell 
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FIG. 1. 


Effect of building decontamination on air concentration of radon 




















FIG. 2. 


Effect of building decontamination on air-borne, long-lived alpha hazard 

















FIG. 3. Record of continuous monitoring of beta activity of radon decay products 


(collection rate, 1.5 ft*/min) 


into four contamination classifications 
Twelve rooms, and the halls and stairs 
were highly contaminated, eight rooms 
contaminated, six 


were moderately 


rooms were lightly contaminated, and 
five rooms were clean. 

A highly contaminated room was one 
in which over 20% or the floor gave 


off-scale readings. A moderately con 
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taminated room was one in which a 


small number of areas, principally near 


doors, gave off-scale readings 


remainder of the room was contami- 


nated to a lesser degree. In a lightly 


contaminated room large aureus were 


significantly, but none 
and there 


Most of the clean rooTRS 


contaminated 
off-scale, 


" 
clean areas. 


were were some 


and the 


were locked at the time of the spill and 


were not entered after it occurred. 


Air Contamination 


Throughout all phases of the decon- 


tamination work, air analyses were 


made to measure concentrations of 
radium, radon, and radon decay prod- 
The samples of particles were 
filter 


measured by a 


ucts. 


collected by a paper and radio- 


activity was gas-flow 


proportional counter. Some of the 
made by the 
The 


concentration 


radon analyses were 


National 
majority of the 


Bureau of Standards. 
radon 
estimates were made by calculation 
of the equilibrium amounts of radon in 
secular equilibrium with its decay 
products.* 

The data from the an 
presented graphically in Figs. 1, 2 
3. It is that the 
concentrations exceeded the maximum 
10 uc liter, 


or 630 dpm /ft*) for the first two weeks 


analyses are 
and 


noteworthy radon 


permissible concentration 


following the spill. The measurements 


include the natural atmospheric radon 


activity which averages about 2 


and rarely exceeds 10 dpm, ft*. 


the initial 


dpm, ft 
During phases of the 
building recovery operation, all person- 
nel wore rescue breathing apparatus to 
protection from the inhalation 
When the 


tions fell to safe levels and the radium 


Insure 
hazard radon concentra- 
values approached the maximum per- 
missible concentration, personnel wore 


standard Navy 


approved for use 


respirators ol the tvpe 
igainst chemical 


agents 


Personnel Decontamination 
Phe persons, clothing, and effects of 
the students were treated separately. 
Bodies. The 


tored carefully 


students were moni- 
arrival at the 

All contami- 
nated areas were scrubbed with soap 


then These 


upon 
decontamination center. 
acid, 


vater, and citric 


methods were partially successful. 


Pwo davs after the spill 
USNRDL 
tamination (/ 


a team trom 


undertook further decon- 
Alpha contamination 
after 


consisted 


Was measured before and each 


The 


with 


treatment. treatment 


of scrubbing warm decontami- 


) 


nating solution for 2 min, followed by 


rinsing. The treatment was repeated 
until no significant further reduction in 
usually at 


occurred 


contanunation 
levels about 200 to 800 dpm) 85 em?. 


describing the tec 


public ation 


hniques em- 


being prepared I 
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decontaminating solution was 
isotonic neutral solution of a com- 
detergent, and a 


xing agent, a 
nicide. The approximate composi- 
tion of the decontaminating solution 
was 3.0% trisodium citrate, 0.4% com- 
mercial detergent, and 0.1% germicide. 
The solution was applied at pH 7 at 
temperatures from 45° to 50° C. 

\lore recent work (2) has shown that 
complexing agents may produce rapid 
penetration of the skin barrier of test 
Cau- 
therefore, advised in the use of 


animals by some radioisotopes. 
tion Is, 
skin decontaminating solutions which 
contain complexing agents. 

Clothing. Wool clothing could not 
be decontaminated satisfactorily where 
the were high. 
Vacuum cleaning and dry cleaning were 


contamination levels 
effective only when the original levels 
did not exceed a few thousand dpm/85 
Residues of 200 to 300 dpm/85 


were considered acceptable. 


cm*. 

em 
Cotton clothing and other washable 

most cleaned 


USNRDL 


procedures (7). 


fabrics were, in 


cases, 
adequately by standard 
laundry 
with the skin 


Shoes were scrubbed 


decontaminating solution previously 


described. Repeated use of this solu- 
tion gave uniformly successful results. 
Personal effects. 


other 


Floor mats, seat 


covers, and similar permeable 


materials could not be satisfactorily 


decontaminated and, in most instances, 


they were discarded as radioactive 


waste. Hard surfaces, such as steering 
wheels, were cleaned by repeated use 
of the skin decontaminating solution. 
Floors in the homes were cleaned by 
surface abrad- 


the repeated use of 


ing agents, detergents, and vacuum 


cleaning. 


Building Decontamination 

The immediate objective of decon- 
the 
remove as large a portion of the spilled 
radium as the shortest 
A dry method, vacuum clean- 


tamination of building was to 
possible in 
time. 
ing, was used for the rapid removal of 
the 
further spreading. 
Dry methods. 
particulate 


loose contaminant to minimize 


Loosely held, coarse, 


matter can be removed 


quantitatively by suction. Finely di- 


vided particles, or material ground into 





TABLE 2 


{ction of 


method 


(leaning 


method 


Wax re- 


moval 


Hot trisodium 
phosphate S0- 


lution 


Hot trisodium Controlled 


phosphate so- paint re- 


lution moval 


Paint remover Paint re- 
moval 
Vacuum clean Dust re- 


Damp wipe moval 


Removal and 


disposal 


1 110 


muund deep! into the cracks 


lies decontamination to less than 


ion and value of the materials did not warrant intensive 


where the spill 
the floor covering was di posed of as 


Effectiveness of Wet Decontamination Methods 


Condition 
Extent 


of decon- 


of surface 
Equipment and after 
material used cleaning famination 
TSP so- 
Use 
rags for appli- 


1O% Undamaged Completet 


lution 


cation and re- 
Also 


use scouring 


moval. 


powder, wire 
brushes, and 
swabs 
10% 

lution, rags, 


TSP SO- | ndamaged Complete 


in most 
SCOUrTINE pow- cases 

der 

( ‘omplete 


Paint remover Repainting 


Paint seraper required 


Vacuum Undamaged Complete 


cleaner, damp 
rags 
Compl te 


occurred, was cracked and badly worn As 


radioactive 
AEC maximum permissible level 
decontaminating 
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a surface, may be only partially 
removed by suction. 

A tank-type 
equipped with a high-eflicieney back-up 
filter (3), the 
loosely held radium from the floors 
that 


cent of the spilled radium was recovered 


vacuum cleaner, 


was used to remove 


It was estimated about 35 per 
by vacuum cleaning. 

Wet methods. 
by several wet methods of decontami- 


The results obtained 


nation are summarized in Table 2. 
Miscellaneous. 
and unpainted) and wood (unpainted) 


Concrete (painted 
were decontaminated by heating the 
surface with an oxyacetylene descaling 
torch, followed by scraping and vacuum 
cleaning. This removed paint and a 
thin surface layer of the concrete or 
The 


completely restored by repainting and 


wood — flooring. surfages were 


the decontamination was complete. 


Waste Disposal 

The 
carpets, linoleum 
filled more than two hundred drums. 


radioactive waste, principally 


and cleaning rags, 
The drums were weighted with con- 
crete and sunk at sea in water deeper 
than 100 fathoms. 


Current Status 

Physical examinations and breath 
radon analyses were made on personnel 
No 


indicated 


exposed to the spilled radium, 


evidence was found which 
any individual. 
the 


records of the personnel involved, and 


harmful exposure for 


Notations were made on medical 
periodic physical examinations will be 
made to detect any latent effects. 
Operational clearance for the build- 
ing was granted, by the agency re- 
sponsible for the safety of personnel, 
approximately three months after the 
date of the The operational 
clearance recognized that the 
to health from radium was under con- 
trol. All personal effects 
automobiles completely 
the first few 


spill 
hazard 


homes and 


were deeon 


taminated within days 


after the spill. 
7 * 
This article 
hefore the 
dustrial 
Calif 


is based on a pape 
Radiation Division 


Hygiene Association Lo 
April 21, 1953 
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CROSS SECTIONS 


Electrodeposition of Uranium Oxide on Aluminum 





By CARL R. WILSON and A. LANGER 


Atomic Power 


Pittsburgh, Penns 


yivania 


The 


uranium oxide is a requisite 


preparation of thin films of 
lor certain 
radiochemical techniques such as. fis 
sion counting, and for the manufacture 
of some types of neutron detectors 
Coatings for such purposes should be 
uniform and quite adherent 

A method of electroplating uranium 
oxide has been described by Cohen and 
Hull (1), but first attempts to reproduce 
this with difficult, 
onto aluminum 
After a 


the coatings would flake off 


met when plating 
metal was at- 


thickness 


bare 
tempted. certain 
Spot wise 
and show evidence of nonuniformity of 
of different bath 


deposition. The use 


compositions, current densities, and 
methods of cleaning the base metal did 
not improve this situation 

A promising approach to a solution 
to the problem is that of subcoating the 
aluminum with another metal such as 


zinc. This was tried, and with such 


prepared surfaces uniform, adherent 
and durable films of hydrated uranium 
oxide up to a thickness of 3 mg/cm 
can be electrodeposited on aluminum 
disks and cylinders 


degreased with some appropriate on 


aluminum surface ire first 


ganic solvent such as trichloroethylene 


cleaned in a hot bath of 25° sulfuric 
tilled wate 


acid, and rinsed with «i 
They then 


into a cold zincate solution [5 


nre immediately dipped 


sodium hydroxide and 100 gm of zin 


oxide in a liter of water ibout 
1 minute and rinsed with distilled 
A thin laver of 


the 


water, zine formed 


chemical dis 


on the surface by 
placement of zine by the aluminum 


] 


The zine-coated aluminum is placed 


in the electrolyte consisting ol uranv! 
the 


desired 


nitrate, in amount required to 
the 

dissolved in 0.2 N ammonium oxalate 
The pH of the electrolyte is initial 


8-8.5 


obtain film thickness 


adjusted to with ammonium 
hydroxide, and the current density set 


at ‘0.04 amp/em*®. The deposition is 
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Division, We linghouse Electric 


Co poration 


essentially quantitative when a tem- 


perature of about 80° C is maintained 

If hollow cylinders are to be coated 
both inside and outside, best results 
ire obtained by plating the two surfaces 
separately, the inside generally being 
The inside of the aluminum 


be plated by the 


done first 


evlinder may using 
cylinder, with the bottom plugged, as a 
the and a 


the 


container for electrolyte 


rotating platinum-iridium rod as 
inode. For plating the outside sur- 


the cylinder is rotated in the 


heated electrolyte 


face 
with several plati- 
the 
the 


num anode. 


Rubber 


wires serving as 


stoppers prevent electro- 


lyte from entering inside the cylinder 
The uranium oxide films produced 
Pe | smooth 


under these conditions have 


velvety appearance and are sufficiently 


adherent to withstand considerable 
been 


this 


shock Fission counters have 


successtully constructed using 


method ol depositing uranium. 
* P 


was performed 


11-1-GEN-14 
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Radiation-Resistant Fused Silica 


By A. JOHN GALE* and F. A. BICKFORD? 


Tests High Voltage 


engineering Corp. on insulating mate- 


carried out at 
inls for accelerator tubes include high- 


energy electron bombardment of mate- 


glasses, proposed or 


iils mainly 


intended for this use Specimens are 
bombarded in air with 2-Mev electrons 
incident at the rate of 1077 coulomb see 
pa) per em? In general, dis- 
ration takes place, accompanied in 
in cases by internal breakdown 
vused by trapped space charge 
Outstanding among those materials 
that do not break down after prolonged 
bombardment is a highly purified clear 
cd silica manufactured by Corning 


W Ol ks 
| 


si pies also 


fis 


Corning fused. silica 


show ho visible dis- 
loration even when the specimen is 
the after 2'6 hr 


bombardment at rate 


edge 


the 


viewed from 


above 


*High Voltage Engineering Corporation, 
Cambridge, Mass 
t Corning Glass Works a 


Corning 


2 Mev is 
about | nin in 
total 


penetration 
fused 
this represents a 


silica average 


dose equivalent to approximately 2 
10° rep 

specimens ol clear fused silica from 
sources have also been 


other 
tested In 


two 


one couse i dark and 
mottled purple discoloration was pro- 
ifter | 


and in the othe: 


min bombardment (2 


i light 
Other 
small but definite 


duced 
LO? re ) cause 
purple was produced after 1 hr. 
materials that show 
discoloration are certum-contaiming 
plate glasses and synthetic sapphire 


oxide Two sam- 


initially of 


fused aluminum 


ples, both slightly colored 


rutile titanium oxide) showed no 
marked further discoloration 

Quite apart from fused silica’s other 
valuable properties, the Corning mate- 
should be 


clarity 


rial useful where optical 


is required in heavy radiation 


helds 
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Contamination and Decontamination 


of Laboratory Bench-Top Materials 


By W. LANE, R. FULLER, L. GRAHAM, and J. MACKIN 


ipplied Research Branch 
ky 
San Francisco, California 

Paper-laminated phenolic resins and 


glass-laminated polyester resins are 
commonly used as materials for labora- 
tory bench tops. Representative sam- 
ples of both materials have been tested 
for contamination, decontamination, 
and corrosion resistant properties ac- 
cording to the methods developed by 
Tompkins and _ Bizzell.* pss. 


Y*', and Sr**® were readily available at 


Since 


the laboratory, they were used in the 


contamination and decontamination 
All sampling was done in 


each recorded value is the 


studies. 
triplicate; 
average of three determinations. 


Contamination 

Samples of the material were con- 
taminated by treating their surfaces 
with 0.1 ml of isotope solution (de- 
livered by micropipette) and allowing 
the samples to stand for 1 hr. The 
removed with a 


excess liquid was 


transfer pipette, and the samples were 
immediately washed by immersion for 
5 see in fou 
water and then soaked for 10 min ina 
fifth beaker of 
were removed, dried under a heat lamp 


Results 


successive beakers of 


water. The samples 


and their activity counted. 


are given in Table 1. 


Decontamination 
X (alkyl aryl sulfonate 
plus builders), EDTA 4 Na (ethylene- 


diamine tetraacetic acid, tetrasodium 


Detergent 


n 1% solution by weight, and 6M 
were used in the 
tamination tests. The Y* and Sr*? 
were diluted to approximately the same 
level « the P*? solution. 


Samples were contaminated with 0.1 ml 


salt 


acid decon- 


nitrie 


7 activity as 


solution, dried under a heat 
The decontami- 


ot io0tom 
lamp and counted. 


nating procedure was stepwise as 


follows 
Step 1. 
treated with 0.25 ml of the reagent and 


The contaminated area was 


* P.C. Tompkins, O. M. Bizzell, Nuc.e- 
ontics 7, No. 2, 42 (1950); see also Ind. Eng 
42, 1469 (1950). 


Chem 
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allowed to stand for 3 min after which 
time the reagent was removed with a 
transfer pipette. Samples were then 
rinsed with a spray of water, dried and 
counted. 
Step 2. 

then treated 
scrubbed with a bristle brush for 1 min, 


The same samples were 
with 2 ml of reagent, 
dried and recounted. 
Step 3. Step 2 
The extent of 
denoted by the decontamination index, 
defined as D.I. = log J,//; where J, is 
the initial activity and J, final activity. 
Indices for each step of the decon- 
listed in 


was repeated. 


decontamination is 


taminating procedure are 


Table 2 for the three reagents. 


Samples of both materials were 
immersed in 3M solutions of hydro- 
chloric acid, nitrie acid, sulfuric acid, 
sodium hydroxide, and in amy! acetate, 
which was selected as a typical organic 
Visual inspections were made 
After three days, 
showed 


solvent. 
daily for one week. 
the phenolic 
signs of attack by sodium hydroxide; 
at the end of the week the surface was 


resin samples 


almost completely removed, Except 
for this attack, 
effects on the surfaces of either material 
with any of the other reagents. 

Under the conditions of this experi- 


there were no visible 


ment, it is evident that 

1, The polyester resin adsorbs from 
4 to 25 times as much activity as the 
phenolic. 

2. Phenolic 


more easily than polyester; in most 


resin decontaminates 
cases by a factor of 10 or more. 

3. Phenolic will 
strong alkali for long periods of time. 
However, from a practical standpoint, 


resin not resist 


this is probably not a serious matter. 
Otherwise, both 
have excellent corrosion properties. 


surfaces appear to 





TABLE 1—Relative Contamination 
ps 
Phenolic 


Polye sler 


108 
108 


10° 336 
0.12 
0.04 


epm applied 
epm adsorbed ; x 10 
% adsorbed 1.0 
polyester 
phenolic 


Polyester 


368 & 10° 
2.1 X 105 


y* 


Phenolic Polyester Phenolic 


10° 166 
10° 0.12 
0.07 


10° 
10° 


10° 176 
10° 0.56 
0.32 


334 
0.34 


0.56 0.10 





TABLE 2—Decontamination Indices 


ps 


Phe nolic 


Pol /¢ ster 


HNO; 
Step | 
Step 2 


Step 3 


Detergent X 
Step 1 
Step 2 
Step 2 


EDTA 4 Na 
Step | 
Step 2 


Step 3 


Polyester 


Polyester Phenolic 


Phe nolic 
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CALCULATOR for isotope hardling 


Isotope Handling 


By R. WEST 
Isotope Division, 
Harwell, England 


Energy Re 


flomi 


The safe employment of isotopes 


emitting gamma radiation depend 


ent on a knowledge of the nature of 


the hazard, and a ready means of its 


assessment or evaluation \ small 
number of individually useful graphs 
charts, nomograms and empiri al for- 
mulas have been published on handling 
and shielding, but these usually require 
reference to decay schemes and con- 
stants. Often 
apply to the sereening of sources as 


practiced, and frequently indirect an- 


these do not strictly 


swers are given, 

This calculator has been designed on 
the general consideration that the wide 
and inereasing use of gamma-ray 
familiar 


self- 


sources, particularly in less 
hands in industry, demands a 
contained instrument that uses direct 
terms, and gives simply the value of 
any one required. In attempting to 


achieve this, the scope ol the calculator 


* Based on A.E.R.E. report I/R 


Crown copyright is reserved 
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KE stah 


TO RELATE 


Nae marae rt ree wrsseroscanacy —~ 


on 
Wee: vanes 
ee over 
™ 


Calculator 


ishment 


is restricted to use with the seven most 
widely used gamma-ray isotopes. 
In the simplest terms, handling and 
shielding factors may be related as 
CRK 
= 
where D is the dose-rate in roentgens 
per hour, C the 
R the dose 
unshielded isotope (r/hr/curie at dis- 


source strength in 


curies rate given by the 
tance d), K the fractional transmission 
through an absorber, and d the distance. 
With altered factors 
d? 
80 (CRK) 

where ¢ is the exposure time in hours 
that give the 
100 mr for a normal 8-hi 
{8-hr week).T 


will maximum permis- 
sible dose ol 
working ‘day (or 500 mr 
reduced for 
exposure to 


rate should be 
term 


t This dose 

and long 
This safe maximum value 
the authorities 


national Congress of Radiology 


mtinued 

recom- 
6th 

1950 


sources 
mended by 
Inter 


\ 4 


medical 


amended in the course of time 


The calculator relates the above fac- 
tors and their relationships in the fol- 
lowing ways 

The 
shielded 


the factor R 
in r/hr/curie at | 
Co 1.3, radium 
10% Ir/Pt) 0.84 
Au!® 0.25 


incorporated in 


values for un- 
are taken 
meter, as: Na** 1.9, 
(0.56 mm filtration 
Ta!*? 0.605, Ir'%? 0.27 
j13t 0.23 
the calculator by scale relationships. 
The tuken for the factor A 
are the results of attenuation measure- 


and 
These “ure 
values 
ments made with sources shielded by 
enclosure in lead pots, this condition 
applying most closely to normal shield- 
ing practice. A comparison Was also 
made, for each isotope, ol the attentu- 
lead 


collimated), and 


ation curves using broad beams 


pots), narrow beams 
bad conditions of scatter (flat screens). 
that the 


values used for the factor A are 


It was shown broad-beam 


suffi- 
most other conditions 


ciently close for 


of screening, e.g., incomplete sur- 
rounds, provided the scattering radia- 
In addition, it 


was confirmed experimentally that the 


tion is not significant. 
“inverse square” law applies, up to 
substantial distances, to the radiation 
lead 


The values of K 


from sources in pots, provided 


that 
obtained 


scatter is low. 
from the measurements are 
expressed as a separate scale for each 
isotope, in terms of lead thickness. 

The required values for handling and 
shielding are provided directly from the 
calculator by means of the following 
scales on the calculator shown: 


Re The 


maximum safe handling 


gamma-ray dose-rate and 


time pel 
day outermost scale of the 


large disk 
2. Distance from the source 


S-houl! 


inne! 
most scale of the large disk 

3. Source strength 
of the small disk). 

4. Lead thickness 


scales. on the 


outermost scale 


innermost set ol 


seven small disk, one 
scale for each isotope). 

The cursor is labelled for each iso- 
tope, to insure the location of the cor- 
rect scale 

The outer scale of the large disk is 
marked off in roentgens per hour (D 
in six logarithmic cycles, and immedi- 
ately this is 
maximum working time per 8-hr day 


On 


against marked the safe 


proportion to D). 
the facto! 


t, in 
the 
d) in 
inverse-square proportion to the dose- 
rate scale (D). 


The outermost scale of the smaller 


inverse 


next scale is distance 


feet and meters, which is in 


curies (C) in six 
Below this are the 


disk is marked in 


logarithmic cycles. 
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Keliakle 
AUTOMATIC 
RADIOASSAYS 


Automatic sample counting with Tracerlab equipment is now standard procedure 
in over 300 laboratories. By adding the Automatic Sample Changer and Tracer- 
graph Printing Timer to either the Autoscaler or Superscaler and the Shielded 
Manual Sample Changer, a unit is obtained which incorporates many outstanding 
and exclusive features. With it an extremely flexible combination of radioassay 
techniques can be handled with ease and precision. 

Automatic equipment gives faster, more accurate and more reproducible data; 
results in a substantial reduction in the technician's time needed for radioassay 
work; frees important laboratory personnel for more productive activities. Twenty- 
five samples can be counted without attention, or the same number of aluminum 
absorbers may be placed over a sample to obtain an absorption curve automatically. 
A large, circular, sample disc is used, thus preventing sample cross contamination 
and eliminating any chance of background buildup next to the G-M tube. 

Samples may be removed and changed at will, without juggling samples, and 
the sample changer controls can be set either for continuous operation, or for one, 
two or three complete cycles only, without any delay between cycles. The Tracer- 
graph, which prints elapsed time, may also be set to time continuously without 
resetting to zero after each sample count for half life measurements. 

All electronic controls for the Sample Changer are in the scaler to provide a 
wider choice of preset counts and to take full advantage of the automatic features 
of the scaler. Tracerlab’s new Scintillation Sample Changer will also fit the 
Automatic Sample Changer and thus provide laboratories with a completely 
versatile unit. 

More complete information and specifications can be found in Issue No. 50 
of Tracerlog. A copy will be sent on request. 


; WASHINGTON @ NEW YORK @ HOUSTON @ ATLANTA 
TaACETr d LOS ANGELES @ PARIS @ CHICAGO @ CLEVELAND 
130 HIGH ST., BOSTON 
295 SAN PABLO AVE., BERKELEY 
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scales for lead thickness, each isotope 
marked in 
The 


thickness seales are placed in relation 


having a separate scale 


centimeters and inches. lead 


source strength (C 
d) by the 


to the seales of 
dose rate (D), and distance 
fuctors of 2 given previously 

The caleulator is 
either scales 2 and 3 to relate land 4, 
or 1 and 4 to relate 2 and 3. 


In addition the instrument 


aligning 


used by 


may be 
used to give the per cent or compara- 
the 
By aligning the outer loga- 
the lead 


the attenuation may 


tive transmission of radiation for 
Isotopes, 
rithmie seale directly with 
thickness scales, 
be read off for various lead thicknesses, 
eg., align Na* thickness “0” 
with 100 r/hr which may conveniently 
LOO %, thus | in. 


gives 35% transmission, 2 in. 12%, ete. 


lead 


be called and lead 


Examples. A number of examples 
of general use are given: 

Find the dose rate at 20 cm from a 200 
me source of Na** in a lead container 12 
om thick. 

Align 20 em with 200 me, and with 
the cursor against Na®* lead thickness 
12 em the dose rate can be read from 
the outermost seale i.e., 62 mr/hr or a 
safe handling time of just over 1'4 
hr/day. The illustration shows the 
calculator set to this problem. 

An unshielded Co source of 650 me 
is being used in a factory for radio- 
graphing a number of metal castings for 
an exposure period of 2 hr. What is 
the minimum radius from the source at 
which a safety barrier should be placed? 

Set Co lead thickness ‘‘0” to time 
2 hr with The distance 
may then be read against the source 
strength of 650 me, i.e., about 14 ft 


the cursor. 


The same source is now to be stored in 
a 4-in. thick lead safe. 
mum radius may the barrier be moved? 


To what mni- 


Set Co lead thickness 4 in. to safe 
time & hr 


read against 650 me, i.e., 


Distance is 
Yin 


with cursor. 


How much Ir'** may be shipped in a 
l-in. lead pot inside a box 12 * 12 
12 in. to give maximum permissible sur- 
face does of 12.5 mr/hr for rail shipment? 


Set Ir'*? lead thickness | in. against 


12.5 mr/hr with cursor. The source 
strength is read against distance 6 in., 
i.e., 85 me. 

* * * 


The writer wishes to acknowledge the assis- 
tance of Mr. J. E. Evans and Mr. W. S., 
Eastwood with the series of absorption meas- 
urements, and with helpful discussions. 
Acknowledgement is also due to the Director, 
A.E.R.E., Harwell, for permission to publish, 
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Shock, Toxemia in Radiation Lethality 


By ROBERTS RUGH,* JOSEPHINE SUESS,+ and JOHN SCUDDER} 


College of Physicians and Surgeons, Columbia University 


Vew York, New York 


Polyvinyl (PV P-Mac- 


rose),§ known in Germany as Periston 


pyrrolidone 


or Kollidon, was injected into mice to 
prevent death 
l The 
toneal, intravenous, and subcutaneous; 


from traumatic shock 


injections were intraperi- 


were protective if given as much as 
72 hours prior to shock; and exerted a 
sustaining effect when given immedi- 
ately after the shock. The polymer 
also gave some protection against the 
Clostridia, diphtheria (2), 
tetanus (3-5), and botulinus (4). 
Schubert (6) found PVP 
with tetanus toxins, exotoxins of Sonne 


toxins of 


> 


combined 


and of Flexner’s dysentery, several 
snake poisons and the tobacco mosaic 
virus. Other studies in detoxification 
have been reported by Dieekhoff and 
Ludwig (7), Schubert and Werner (8), 
and Dieckhoff (9). 

There is no question but that some 
of the symptoms of impending X-irra- 
to those of 


acute 


diation death are similai 


shock and toxemia. There are 


changes in the entire hematopoietic 
system, expressed most drastically in 


* Radiological Research Laboratory 
t American Cancer Society, under direc- 
tion of Department of Surgery 

t Director of the Blood Bank and mem- 
ber of Department of Surgery. 

§ PVP Macrose and Dextrose supplied by 
Laboratories, Inc New York, 


Schenley 


N. ¥ 


and drop in 
blood volume. Burkle de la 
(10) PVP as a blood substitute 


to increase plasma volume as well as 


lymphopenia “a severe 
Camp 


used 


to prevent edema in both cerebral and 
lung surgery. Dieckhoff and Ludwig 
(7) found that PVP aided in postponing 
diphtheria 

shock in 
increasing the circulating 
Anti-histamines 
in radiation-protection 


protoplasmic collapse in 


infection and in histamine 
rabbits by 
blood 
been used 


studies (1/1, 12). 
(5) also found that 


volume. have 


ryr 


of substances 


Schubert 
aided in the 
bound by the artificial colloids without 
damaging in any way the cells of the 
kidney. PVP 
detoxification studies of 
with B. colt (4). 

Recently Dr. John 
Columbia-Presbyterian Medical Cente 
PVP 


various types ol shock (13), 


excretion 


liver or was used in 


mice infected 
Scudder ol 
treating 


so that it 


seemed in order for us to study this 


used successfully in 


blood substitute as a possible antidote 
for the post-irradiation syndrome and 


lethality in mice. 


Materials and Methods 


The CF, albino adult 
were used in these 


male mice of 


two months of age 
experiments since their lethality value 











Days Post 


@ Controls 


PVP Macrose 

¢ IP, 24 hr 

e IV, 24 hr 

© SC, 3,5,7 days 
PVP Dextrose 
A IP, 24 hr 

4 IP, 72 br 

4 SC, 3,5,7 days 


) 








SURVIVAL of CF, male mice after exposure to 700 r X-rays. 


Curves are shown for controls 


and for mice treated with PVP Macrose and Dextrose injected in three series: intraveneous, 


intraperitoneal, and subcutaneous 


August, 1953 - NUCLEONICS 











had been established. The LD-50 at 
30 days was known to be about 625 r, | ~_— ( ’ ‘e) Ee oe 
with 700 r as the minimum LD-100 at n y as 


30 days. This level of whole-body | 


irradiation was used throughout so . 
that any protection afforded by the this RANGE of METERS 
PVP treatment would be expressed as | 
survival 
It was first necessary to establish 


are ae 
the tolerance dose and any toxic effects | 


that PVP, given by the various routes, 
might have on the control (unirradi- a MINIATURE 
ated) mice. y = = This mighty mite of a —COLE— 1%” Meter 
The PVP was given in three ways. P combines maximum accuracy with surprising 
y readability. It is available in ail ranges and 


The intraveneous series were injected 
scales, and in hermetically sealed cases. 


by way of the tail vein. This was 
found to be exceedingly tedious but 
was accomplished to the extent of 
injection of 2 em* per mouse without 
any ill effects. The intraperitoneal 
injections were made through the 
lower right quadrant of the abdomen, 
and the subcutaneous injections be- 
neath the skin of the abdomen. Every 
injection amounted to 2 em* per 
treatment. 

The PV P-Macrose is a 3.5% poly met 
in Ringer’s solution, is slightly hyper- 
tonic, nonallergenic or antigenic, and 
is*wholly stable over a wide tempera- 
ture range. This substance, chemi- og * . 
cally inert in the body, has an average oe es wove 
molecular weight of 40,000. ie a ¥Y } —OR GIANT! 

PV P-Dextrose is a 3.5% polymer in ob es The big face of this 12” —COLE— Meter 
a solution of 5% dextrose and water, = Bie .:, shouts its readings from remote positions, 
made up for experimental purposes bees fy even in uncertain light. This giant is particu- 
only Unlike Macrose there is nothing 2 larly suited to many production installations 


known as to its effectiveness in the requiring quick and accurate readability. 


treatment of shock. 

The X-irradiated mice were injected 
Between the miniature and the giant, many 
other —COLE— Meters meet the needs of 
defense, industry, and science. A quarter of 
a century of fine custom building has estab 
lished their ruggedness and quality. —COLE— 
x es ee a ge ez : has combined the finest of materials and 
ig omgaes.09 m 210 kv, 1S ma, coupon for quick information workmanship to produce standard meters with 
30-cm distance, with 0.5-mm Al and on (COLES) Meters. accuracies as high as % per cent 
0.28-mm Cu filtration. The dose used Best of all, these highest-quality —COLE— 
throughout was 700 r whole-body expo- = ___. Meters can be delivered immediately. Special 
sure at one time. Following irradi- a O18) LE-} orders take just a little longer. 
ation, all mice, controls and experi- | You may wait longer, but you will not get a 


mentals, were given standard eare in better meter than a —COLE— 


our animal quarters 
ee eee _ Grstrumerl{ lompany Be sure to see our exhibit, Booth 903, 


, 1320 $0. GRAND AVENUE at the Western Electronics Show and Convention, 
Observations and Data LOS ANGELES 15, CALIF. Civic Auditorium, San Francisco, August 19-21. 


SWISS albino strain were segregated )°  acneamiaeaial a 2 $ a Tot a 5 LE 3 
into groups and injected with PVP-| @ Yes, | want more inf 


with the PVP solutions following ex- 
posure to whole-body X-radiation. 
Irradiation at a rate of 274 r/min was 
by means of the Westinghouse Quadro- 
condex constant-potential therapy Fill in and mail the 


\ small group of male mice of the! 


Macrose at various times before nee 


exposure to 700 r whole-body X-irradia- 


tion. The results of these preliminary COMPANY 


experiments were negative, although’) STREET ADDRESS, OR BOX NUMBER. 
a few which had received intraperi- : 


ee a 





toneal injection 10 minutes before 
irradiation showed better’ survival PURE Nias 
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From Alden’s Line of Ready-made Components 
for Unitized Plug-in Unit Construction: 


Miniature Sensing and Indicating 


oer” ALDEN 


PATENTS 
PENDING 


The new trend to unitized plug-in construc- 
tion calls for tiny sensing and monitoring 
devices to act as “telltales’’ when trouble 
occurs. Device must be rugged, yet take a 
minimum of panel space. Here are latest in 
Alden Series to meet this problem. 


| ALDEN “PAN-i-LITE” | | ALDEN “PAN-i-LITE” | 


unts in Quickly replace 
ry hole bulb from front 
: of panel 


Bulb and Lens are 1 

pe. instantly replace- 

able with unbreakable 

spares. 

You can use this new sheny Alden Pan-i-Lite 
indicator where never before possible 
wasily serviced one-piece lens-bulb replace 
= le from front of panel Mounts simply 

pushing into .348” hole. Gives beautiful 

indk ation; glows like a red hot poker 
Tiny spares can always be kept ready in kit 
or taped in recess of equipment. Available 
in 6V, 12V and 28V, various colors 


ALDEN ‘’FUSELITE” 


FUSE BLOWS 
Spot 


( LITE GLOWS 
stantly 


. cator 


trouble in- 

Neon indi- 
light in lens 
glows when fuse 
blows. One-piece 
molded len 
indicator-lite un- 
screws from front 
of panel. Ideal for 
monitoring power 


Available for728V, 


ind 


440- — 
3/7 FH 


to each unitized circuit 


Hoy 


and 250 


ALDEN TEST POINT JACK 


110 BCS 25/32 Behind Panel 


Fits Anywhere 

Takes Up to 8,000V. 

Provides a quick front panel check point 
for any circuit voltages in your cpapuest. 
This tiny a fits .257” hole and takes 
only 2%." behind panel. Beryllium copper 
contact withstands hundreds of insertions 
Phenolic or nylon insulation, many colors 


SEND FOR FREE SAMPLES 


also request free ‘‘Alden 
Handbook 226 pages of tech- 
niques and components for Uni- 
tized Plug-in Unit Construction, 


147 N. Main St., Brockton 64, Mass 
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did the controls. 
PVP was suspected of having 
effects 


develop 


i than 


| ‘ 
i Since 


uninjected 
and since radiogenic 

after X-irradiation, 
concentrated post- 


anti-toxic 
toxins 


attention was on 


irradiation injections. 
The data of a series of experiments 


olving some 278 male mice of the 


CF, strain are presented in the accom- 


panying graph. 


that 





The indicate 
PVP, 


\Iacrose Ol 


over-all results 


whether in combination . with 


with Dextrose, does not | 


lor 
after the 


have any protective value 
administered either before o1 


whole-body exposure to 700 r X-rays. 


Discussion 


In most discussions on 
lethality, the 
to that caused by 
blood loss, 
have all been emphasized 
no doubt but that shock is a corollary 
of acute death. In light] 
of the however, shock | 
may not be the primary cause of death, 
but a other and | 


more important lethal factors 


factors of shock similar | 
adrenal insufficiency, 
stress 


severe and extreme 


There Is 


radiation 
present findings, 
secondary result of 
How- 
PVP} 


| 
sabis- | 


ever, no claim has been made for 


as a complete and universally 


factory anti-shock substance, and while 
it may be efficacious in certain toxemias | 
and in shock brought about by trauma, 
hemorrhage and burns, it is apparently 
nonspecific for the 
X-irradiation exposure, 


but its 


and shock 
Not 
addi- 


seems to 


toxemia 
of acute 
only is it nonprotective, 
tion to the 
add to its stress to such an extent that 


irradiated mouse 


accelerated, 
fact that 


shown ho ill 


post-irradiation death is 
This is the 
jected have 


effects 


In spite of in- 


controls 


* . + 


This article is med 
inder contract AT’- 


Energy Commission in the 


hased on work perfo 
30-GEN-70 for the Ato 
Radiological Re 


mu 
search Laboratory 
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& SCIENTIFIC Uses 
FREE CATALOG 


72 pages crammed’ 
with THOUSANDS of 
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jectors, Lighting 
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INVERTED end-window counter used 
liquid samples 


Liquid-Sample 
Geiger Counter 


By LEON SINGER and 
W. D. ARMSTRONG 


dD 
1 


Vinneapo 


ii 
st 
cle 


a) | 


To! 


i 


Bi 


epa frient of Ph ystological Che misty vi 
niversity of Minnesota 


V innesotla 


\ simple arrangement for positioning 
juid samples in tubes in relation to a 
indard type G-M counter has been 
scribed recently.* An even more 
mple and more sensitive apparatus 
and strong 


counting gamma-ray 


ta-ray emitters in liquids can quickly 


irranged as shown in the photo- 


raph. The sample, contained in a 


ommon paraffined drinking cup, is set 


ovel the 


\ 


window of an inverted end- 


ndow counter. These cups, (Solo 
67, Paper Container Manufacturing 
Chicago, Ill.) have a flat bottom 


ire of the correct size to fit com- 


ion end-window tubes. 


1( 
| 
t 


ion These 


I!) 5 ml 


) cups, gave a mean counting rate of 


Solutions of in each of 
267.3 + 27.6 epm (standard devia- 


results correspond to 


New Kewaunee No. 3604 Provides 
Safe Handling of Radioactive and Toxic Materials 
Lower Heating-Ventilation Costs 


e Low air velocity requirement of only 50 
ft. per minute through face of hood, with 
a 24” sash opening, provides air discharge 
of 500 C.F.M. at hood. This is 44 to % 
less velocity than conventional type hoods 
require for safe operation, and effects 
large savings in heating and ventilation 
costs. 

e Automatic bypass insures constant vol- 
ume of air removal from room. 

e Entire hood is stainless steel, ground and 
polished to satin finish for easy cleaning 
and decontamination. Hood exterior and 
cabinet work of cold rolled, Bonderized 
steel with baked enamel finish. 

e Working surface of 14 ga. stainless steel, 
supported by structural steel grating, allows 


use of lead bricks for shielding. Entire 
surface forms watertight, *4” pan to retain 
spillage. 5” diameter cupsink integrally 
welded to worktop. 

e Service controls for blower, air, gas, 
water, vacuum and electric current (110v 
and 220v) located on exterior for remote 
control. 

e 14" thick safety glass sash is completely 
framed to protect against breakage— 
counter-balanced for smooth, easy raising 
and lowering. 

e@ 8414” overall height, with base units, 
accommodates low ceilings. Other dimen- 
sions: length 6 ft.; width 38 in. (excluding 
valve handles). 


Write for descriptive literature and drawings 
on the new Kewaunee 3604 Fume Hood 


23.08 eps per 0.1 microcurie of I'*! with 
i background of 0.73 eps, as compared 


with 9.88 eps and 1.3 eps, respectively, ; ; ; : 
We also manufacture all types of Stainless Steel Equipment for Radioactive 
Laboratories. Laboratory Tables, Sinks, etc. for all types of Laboratories. 


obtained with the same amount of ['*! 


vith the previously described appa- 


is. It is probable that had a tube 


illy sensitive to gamma rays 
Manufacturers of Wood and Metal 


used an even higher counting 


Laboratory Equipment 


J. A. Campbell, President 
5083 S. Center Street e Adrian, Michigan 


ney would have been obtained. 
Representotives in principal cities 

“7 1 
Nieset, Nuc 
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FORD 
INSTRUMENT 


COMPONENTS 


Ford Instrument Company makes 
the finest precision instruments 
and mechanisms for industry and 
the armed forces. 


FORD MECHANICAL DIFFERENTIALS 
with single spider gear —available in 
3/16,” 1/4” and 5/16” shaft diameters 
—high accuracy, low friction, 


FORD TELESYN UNITS are available in 
wide selection of sizes—proved preci- 
sion accuracy, corrosion and fungus 
resistance mean better synchros when 
you specify Telesyn. 


FORD SERVO MOTORS (60 and 400 
cycles) for extremely low inertia and 
high frequency response. 1/5; 2; 142; 
21%); 5; 10-watt models in both low 
and high voltage, including magnetic 
amplifier controlled types. 


FORD ELECTRICAL RESOLVERS avail. 

able in sizes 23 and 41 ~interchange- 

ability, temperature compensation 

—60°F to +160°F, highest accuracy, 

adaptability, 400 cycle frequency. 
Ford Instrument also makes mag- 
netic amplifier systems, computers, 
converters, mechanical integrators 
and other instruments and equip- 
ment. Write for more details 


VW 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave., Long Island City 1, N.Y. 
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Pile Neutron Research 

By DONALD J. HUGHES (Addison-Wesley 
Publishing Co., Inc., Cambridge, Mass., 1953, 
xiii +386 pages, $8.50). Reviewed by LyLe B. 
Borst, Department of Physics, University 
of Utah, Salt Lake City, Utah. 


The field of 
grown like Topsy since its birth with 


neutron physics has 


classified wartime research projects. 


Postwar publication has been some- 
what sporadic, being encumbered, in 
addition to the usual barriers, with the 
requirement of declassification if origi- 
nally classified. As a result, the open 
literature is less systematic and com- 
plete than would normally be the case. 

The presentation in this book is 
directed to the 
graduate student, 


level of a first-year 
and for the most 


Material 


is presented in a straightforward form 


part achieves its objective. 


with an adequate set of references to 
text. A effort 
has been made to confine these refer- 


supplement the real 
ences to the normal, open literature 
successful, 
AEC 


anothe 


This in large measure is 
although perhaps 20% are to 
reports of one variety or 
One also finds rather unusual scientific 
sourees quoted such as “AKC press 
release,’’ and “‘Semiannual Reports of 
AEC to Congress.”’ 

several 
The 
illustration by example is 


The book Is 


neither exhaustive nor definitive, being 


Topies covered would fill 
volumes if completely presented. 
choice of 


therefore appropriate. 


confined primarily to work conducted 
by the author. 

The nature of the chain reaction is 
briefly presented in a form easily under- 
stood by experimenters. It is there- 
fore possible for the uninitiated to 
develop sufficient appreciation of the 
virtues and limitations of reactors to 
permit him to design effective experi- 
ments before having contact with an 
operating unit. A valuable auxiliary 
for this purpose is the presentation of 
the final chapter on health physics, 
designed to give the experimenter an 
understanding of the precautions re- 
quired for reactor research. 

The organization is experimental in 
form, giving research techniques of 
general utility, then discussing tech- 
used in studies with neutrons 
last 
resonance (0.1-—10° ev), 
<0.01 


niques 
in the various regions: 
105-10" ev), 
thermal (0.01-0.1 ev), and cold 


ey 


energy 


scientific contribution of the 


The 


Use post card on last page. 


book is significant, since it pulls to- 
gether a wealth of unorganized research 
data appearing in the normal peri- 
Atomic 
Energy Commission reports, and gives 
them a logical sequence. The fitting 
interpretation of the 


odical literature, as well as 


together and 
recent work on the optical properties of 
cold 
significant. 

The appendixes include the most 


neutrons is perhaps especially 


recent set of thermal-neutron cross 
sections tabulated as total, activation, 
and various scattering cross sections. 
A set of experiments used for instruc- 
tion at Argonne National Laboratory 
has been included to show the varieties 
of studies open to first-year graduate 
students. 

Pile Neutron Research, although not 
intended as a classroom text, has been 
so used successfully. It was found 
more satisfactory than other presenta- 
tions in the field. It is 


contribution to a 


a significant 
field of 


research and will certainly be a corner- 


growing 


stone in this branch of nuclear physics. 


Signal, Noise and Resolution 
in Nuclear Counter Amplifiers 


By A. B. GILLESPIE (McGraw-Hill Book Co., 
Inc., New York, 1953, xii + 155 pages, $4.50). 
(Also Pergamon Press Ltd., London.) Reviewed 
by J. B. H. Kurer, Instrumentation and 
Health Physics Department, Brookhaven 
National Laboratory, Upton, N. Y. 

This book is the first of a series of 
monographs on applied modern physies 
and communications sponsored by 
Pergamon Press, Ltd., and under the 
editorship of D. W. Fry of Harwell. 
As such, it is particularly interesting 
since it is the announced objective to 
keep the time required for publication 
of the monographs to a minimum so 
that it is possible to present original 
work as well as collations of information. 

The rather specialized subject of the 
optimum design of pulse amplifiers 
for nuclear counters has received very 
little attention in the 
the present book fills a long-felt want. 
The 


entirely to the input stage of a counter 


literature, and 


discussion is confined almost 


amplifier to be used with a pulse 


ionization chamber, with only such 
references to the properties of the suc- 
ceeding stages and the ion chamber 


itself as are strictly necessary to an 
understanding of the subject. 
After a brief introduction, chapter 2 


contains information on the nature of 
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ESEARCH is going ahead at full pace in the 

laboratory pictured above. But nobody has to be 
constantly on hand to supervise tests and record 
data. Here as in many other laboratories, ElectroniK 
instruments take over a lot of the time-consuming 
routine work . . . leaving research personnel free 
for more important duties. 
This particular project, conducted in the Metal- 
lurgy Division of the Naval Research Laboratory, 
is measuring the creep characteristics of various 
alloys. The ElectroniK instruments record and 
control temperatures in the individual testing fur- 
naces. Hour after hour, week after week, they hold 
temperatures accurately in line . . . and draw a 
permanent record of test conditions. 


Take a close look at your own laboratory work. 





research men 
at work... 


somewhere else 


Wherever you have to take time out to make 
observations, turn dials, write figures on log sheets, 
or adjust operations . . . ElectroniK secunions and 
automatic controllers can save valuable scientific 
man-hours. 


ElectroniK instruments are supplied in many spe- 
cial forms of particular interest to research men . . . 
such as the Function Plotter, Duplex Recorder, 
Extended Range Indicator, Electrometer, and 
Narrow Span and High Speed Recorders. Our 
nearest engineering representative will be glad to 
discuss your applications . . . and he’s as near as 
your phone. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., 
7 ie Division,4571 Wayne Ave., Philadelphia 
44, Pa. 


@ REFERENCE DATA: Write for Bulletin 15-14, ‘Instruments Accelerate Research.” 


Want more information? 
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Honeywell 


BROWN INSTRUMENTS 
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NOISE in resistors may be caused by 


many factors, but most often arises in 


in RESISTOR 
APPLICATIONS 


the incomplete or tangental contact 
which exists among the carbon granules 
that make up a molded resistor. Noise also originates where the 


connector leads meet the body of the resistor 


Because WELWYN High Stability Resistors are formed 
by depositing a pure, homogeneous carbon film, and 
because the end-caps are machine-turned and bond-fitted 
to the body, and the terminal leads clenched into the end- 
caps, the conducting path presented to any current flow 
is as continuous as if through a solid conductor. The noise 
factor of WELWYN Deposited Carbon Resistors is only 
slightly above that predicted by the Johnson formula. 


WELWNIN| 


High Stability 
DEPOSITED CARBON RESISTORS 


For further Information and 
Test Data concerning 


ete eR Rm RR eR eR eR eR eR ee ee ee eH eH ee ee eee ee eee 


Write to Dept. AH-2 
ROCKBAR CORPORATION, 211 East 37th Street, New York 16, N. Y. 





HEVIMET...a created-metal 
for radioactive screening 


® Features high density in 
minimum bulk 


® Offers 1'2 times more gamma 
ray protection than lead 


Carboloy Hevimet has a density 
of 17.0 gm/cu cm (lead is 11.4). It 
is dimensionally stable, strong in 
compression and tension, and is 
machinable. 

Currently, Hevimet is proving 
invaluable in many projects for 
radioactive screening, including 
atomic research and nuclear con- 
trol applications in industry. It is 
also used in mechanical parts 

CARBOLOY Hevimet is ideal for containers where its great inertia in small 


for radioactive materials. With it, less bulky Size is useful. Available in many 
shields can be made, because it is machin- sizes and shapes, or designed to 


able, strong, nonporous affords 1.5 
times more gamma ray protection than lead your needs. Write today. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Street, Detroit 32, Michigan 
Plants at Detroit, and Edmore, Michigan 


“Carboloy” is the trademark for the products of Carboloy Department of General Electric Company 
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the signals to be handled, and chapter 
3 discusses the various forms of tube 
and circuit noise. Next comes the 
discussion of signal-to-noise ratio, in- 
cluding the effects of the various 
methods of pulse shaping. 

Chapter 5 is devoted to a consider- 
ation of amplifier sensitivity in energy 
and total activity measurements, and 
the sixth, and final, chapter discusses 
the applicability to proportional and 
scintillation counters of the results 
previously obtained. 

Although chapters 1, 2, and 6 con- 
tain much material previously pub- 
lished, the remaining chapters are 
largely composed of unpublished theo- 
retical and experimental data. Chap- 
ter 5, in particular, contains an analysis 
of the useful sensitivity of amplifiers in 
total activity measurements that is 
largely original. 

Thanks to the fact that all deriva- 
tions and integrations have been 
relegated to a series of appendices the 
book is unusually readable. It should 
prove valuable both to the novice in 
the field of nuclear science and to the 
experienced nuclear physicist or chem- 
ist who wishes to secure optimum 
performance with respect to sensitivity 
or speed in a particular experiment. 
[t is a pleasure to recommend it highly, 
and this reviewer is looking forward 
eagerly to the appearance of other 


volumes in the series 


BOOKS RECEIVED 


Zirconium and Zirconium Alloys, Amer- 
ican Society for Metals, 7301 Euclid 
Ave., Cleveland, Ohio, 1953, 354 pages, 
$7. This is the transcript of the 21 
papers presented at the symposium on 
Zr and Zr alloys held during the Fighth 
Western Metal Congress and Exposi- 
tion, Los Angeles, March 23-27, 1953 


Electron Optics, by ©. Klemperer, 
Cambridge University Press, New 
York, 1953, xii + 471 pages, $9.50. 
This second edition of a book originally 
published in 1939, gives an account 
of the principles, methods, and appli- 
cations of geometrical electron optics 
To deal with the present state of 
development of the subject, the book is 


six times the size of the original edition. 


The Scientific Adventure, by Herbert 
Dingle, Philosophical Library, New 
York, 1953, ix + 372 pages, $6. 

This book, by a professor of history 
and philosophy of science at Uni- 
versity College, London, is a collection 
of lectures and essays There are two 


major divisions to the book. The first 


August, 1953 - NUCLEONICS 





deals with general 

y of science, and with 
nicus and Galileo, in 
second part, Philo- 

< concerned with such 
iture of smentihe philoso- 
nature, and science and 


yr others 


Chemical Constitution, by J. A. A. 
Ketelaar, Elsevier Press, Inc., Houston, 
i 398 pages, $6.50. 

f this book is ‘‘ An Intro- 

to the Theory of the Chemical 


Luminescence and the Scintillation 
Counter, by S. C. Curran, Academic 
New York (or Butter- 
fic Publications, Lon- 


219 pages, $5.80. 


Mathematical Physics, by Donald H. 
Menzel, Prentice-Hall, Inc., New York, 
953 + 412 pages, $11.35. This 
heen designed for use in 

graduate courses on 


Atoms, Men and God, by Paul FE. 
Philosophical Library, New 

1953, x + 226 pages, $3.75. 
research physicist’s ideas on 

f the concepts of modern 

chology to the intellec- 

Protestant religious 


The Stability of Rotating Liquid 
Masses, | R. A. Lyttleton, Cam- 
rsity Press, New York, 


S650. 


ALSO OF NOTE 


Microwave Spectroscopy, by Walter 
G William V. Smith, and Ralph F. 
| ilo. John Wiley & Sons, Inc., 
} 1953, xii + 446 pages, $8. 
vas written with the pur- 

tating analysis and inter- 

icrowave data, helping 

become familiar with 

and methods, and 

1 source of the large amount 

ition that has been obtained 


rowave spectroscopy. 


Water Pollution Research (Depart- 
ment of Scientific and Industrial Re- 
ear Ministry of Supply). This 
report of the Water Pollution Research 
tains a section on removal of 

during the normal treat- 

lomestic water supplies. 

ation Services, 30 Rocke- 


Pla Ve York, 80.65. 
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Hand and Foot 
RADIATION 
MONITOR 


This counting rate instrument, 
manufactured for Argonne 
National Laboratory, incorpo- 
rates many valuable design 
features. It indicates alpha, 
beta and gamma contamina- 
tion of back and palm of each 
hand, and beta and gamma 
contamination of the soles of 
both feet. Alpha hand monitor 
or beta-gamma hand and foot 
monitor can be supplied as 
separate instruments 





QUICK POSITIVE READING 


User steps on grill, inserts hands in probes and waits 
Illuminated panel indicates either “OK” or ‘Above 
Permissible Level.” It is not necessary to read the 
meters unless contamination is above a pre-selected level 


ALL PARTS ACCESSIBLE 


DATA: 

@ Hand calibration: 20 to 10,000 cpm @ Total time cycle adjustable between 
P 4 and 8 seconds 

@ Foot calibration. 200 to 100,000 cpm 


@ All component parts and workman 
@ After use, instrument resets to zero ship are of highest quality 


Write for Complete Literature 


TECHNICAL ASSOCIATES 


Instrumentation for Nuclear Research 
140 West Providencia Avenue « Burbank,.California 
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NEWS 


Joint Committee Begins Open Hearings on Development 
of Nuclear Power; To Hear from All Interested Groups 


The Joint Committee on Atomic Energy began, on June 24, an exten- 


sive series of open hearings on problems in the development of nuclear 


power. 
used to guide the committee in its 
actions on proposals for amendment of 
the Atomic Energy Act of 1946 (NU, 
July ’53, p. 64; June ’53, p. 88). 

At this writing, nine sessions of the 
series of hearings have been held, and 
seven more sessions have been sched- 
In the 

will 


uled, to run to the end of July. 
September NUCLEONICS 
publish the important details of the 


issue, 


matters taken up at the meetings 

The first 
testimony by 
Atomic 


meeting was devoted to 
representatives of the 
Those 
appearing were Gerdon Dean, chair- 
Hafstad, direetor of 
Davidson, 


Energy Commission. 


man, Lawrence R 
the reactor division, W. L. 
director of the office of industrial de- 
velopment, John C. Bugher, director of 
the division of biology and medicine 
and J. G. Beckerley, 


classification. 


director ol 


meeting 
Bedell Smith, 


tobert 


Testimony at the second 
was heard from Walter 
Under State, 
LeBaron, assistant to the Secretary of 
Defense, and I. I. 
the general 
AKC. 


The third meeting heard testimony 


Secretary of 


Rabi, chairman of 


advisory committee of 


from Douglas Me Kay, Secretary of the 
Interior, Walter Williams, Under Secre- 
tary of Commerce, and Dale I. Doty, 
member of the Federal Power Commis- 
sion, who was accompanied by Francis 
L. Adams, chief of the bureau of power 
FPC, and Howard E. Wahrenbrock, 
assistant general counsel, bureau of 
law, FPC. 

The fourth meeting was devoted to 
testimony by the five industrial teams 
that have been making nuclear powe1 
feasibility studies. Representatives of 
that attended 
Cisler, president, 


these groups were 
Walker L. Detroit 
Edison Co., Tyrone Gillespie, general 
Edwin J 
Putzell, Jr., secretary, Monsanto Chem 
Co., J. W. McAfee, president, 
Union Electric Co., Earle W. Mills, 
president, Foster Wheeler Corp., Fred 


counsel, Dow Chemical Co., 


ical 


C. Kellogg, president, Pioneer Service 
and Engineering Co., Willis Gale, 


60 


The information and opinions gained at these hearings will be 


chairman, Commonwealth Edison Co., 


and Murray Joslin, vice president, 
Commonwealth Edison Co. 

Testimony at the fifth meeting was 
heard from Walter H. Zinn, director of 
the Argonne National 
Alvin M. Weinberg, director of re- 
search of the Oak National 


Laboratory, Chauncey Starr, director 


Laboratory, 
Ridge 


of the atomic energy research depart- 
ment of North American Aviation Co., 
Karl Cohen, vice president of Walter 
Kidde Nuclear Laboratories, and John 
R. Menke, president of Nuclear De- 
velopment Associates. 
At the sixth meeting, testimony was 
heard from Gwilym A. Price, president, 
Charles H. Weaver, 
power division, Westinghouse 
Klectric Corp.; F. H. McCune, general 
atomic 


and manager 


atomic 
manager, products division, 
General Electrie Co.; Arnold K. Brown, 
executive vice president, American 
Machine and Foundry Co.; and Eugene 
P. Wigner, general advisory committee, 


AEC 


The seventh heard from 
J.L. Atwood, president, North American 
Aviation Co... R. 


vice 


meeting 


S. Stevenson, execu- 
Allis-Chalmers 
and C. R. Braun, manager, 


tive president, 
Mfg. Co., 
atomic power section, Allis-Chalmers. 

Those testifying at the eighth ses- 
Weil, formerly of 
and 


sion were George L. 
AEC’s 
I:llis, general manager, National Rural 


reactor division, Civde 
Electric Cooperative Association. 

The ninth meeting heard testimony 
from KE. R. Rowley, production man- 
National Lead Co., Alfred 

president, Babcock & Wilcox 


ager, and 
Iddles, 
Co 
Union Carbide Co. has sent the com- 
mittee a letter stating that it wants to 
with the 
Alvin Weinberg given at the fifth meet- 


be identified testimony of 


Ing Dupont and Kaiser Engineers 
have both informed the committee that 
they A state- 
Voorhis, executive 
director, Cooperative the 


\., has been submitted for the 


do not want to testify. 
ment from Jerry 
League of 
U.8 
record 
The Joint Committee has stated that 
it would be happy to receive, for pos- 
sible inclusion in the record, statements 
from any individual or organization on 
matters related to the subject of the 


hearings. 


Lewis L. Strauss Succeeds Gordon Dean as AEC Chairman; 


Had Been One of Original Commissioners 


Lewis L. Strauss, member of the Atomic Energy Commission from 1946 


to 1950, has been appointed to succeed Gordon Dean as commissioner and 


chairman of AEC, 


Strauss has been acting as President 


Eisenhower's 


special advisor on atomic energy policy since early this year (NU, April 


53, p. 67). Dean left AEC on June 30 

(NU, March ’53, p. 70 

took over at that time. 
The 


AEC is expected to aid the cause of 


and Strauss 


reappointment of Strauss to 


industrial nuclear power. As _ Presi- 
dential advisor, he took an active role 
n aiding the development of electric 
power from reactors. He also strongly 


backed AKC’s bid for 


search development on 


funds for re- 
and powel 
reactors, 

first com- 


missioner, Strauss was the only com- 


During his term as a 
missioner to oppose shipment of radio- 
isotopes to certain foreign countries. 


His reasons for opposing the shipments 


have generally been misunderstood. 
During testimony to the Joint Congres- 
Atomic 
in 1949, Strauss said that the opposition 
1947, 


Was 


sional Committee on Energy 
he had made in and still main- 
tained in 1949, strict 
interpretation of the Me Mahon Act. 


Strauss based his objection to ship- 


based on 


ment of the radioisotopes on state- 
ments in the Act that “ practical indus- 
trial applications of atomic energy” 


are to be shared and disseminated 


“as soon as effective and enforceable 
safeguards against its use for destrue- 
devised,”’ and 


tive ean be 


that 


pur poses 


Congress declares 


“until 
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that effective and enforceable safe- 
guards against the use of atomic energy 
for destructive purposes have been 


established, there shall be no exchange 
of information with other nations with 
espect to the use of atomic energy for 
industrial purposes.”’ 
In insisting that the letter of the law 
ollowed, Strauss said he felt that 
existed the possibility that the 
iight be used to gain engineer- 
that 
country’s military strength. 
indicated, it 
AEC to 


interpretation of the law. 


IsOTOpes I 
advance a 
In this 
not the 


liberal 


ing KNOW edge could 


, 
case, ne was 


province ol make uu 


Study to be Made for 
High-Cost Power Reactor 
The 
awarded a 
Nucleat 
Ns es, OO 
nuclear power plant for use in an iso- 
lated higl 
The 


plant 


Atomic Energy Commission has 
to Walter Kidde 
Garden City, 
make a design study for a 


contract 


Laboratories, 


-cost power area. 
study 
a 30,000-kw capacity run 


will concentrate on a 
with 
by a power-only reactor. The reactor 
would use light water as both modera- 
tor 


ind coolant. 


The type of area in mind for such a 
ne where electric power is not 
In- 
vestigations of where such areas might 
exist have been made (NU, Apr. 753, 
p 32; May 14). 

The contract between AEC and the 
Kidde organization calls for a detailed 


plant Is ¢ 


readily accessible at usual costs. 


53, p 


sis to cover architect-engi- 


cost anal 


construction costs, and 


nee! costs 
operating costs lor a four-year period 
g start-up of the plant. 
ontract also specifies that the 
study point out the effect of site loca- 


upon reactor design and 
It is expected that the study 


be completed late this year. 


power 


Joseph Campbell Named 
to Fill AEC Vacancy 


Joseph 


1 University and its vice presi- 


Campbell, treasurer of Co- 
lumb 
dent in charge of business affairs, has 
President 
membership in the Atomic 


been nominated by Hisen- 
hower t 
Energy Commission. 

He is to fill out the unexpired term 
f T 


October 


Keith Glennan who resigned in 
The term expires on June 
30, 1955 


Campbell holds an award for work 
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eetiisete 


peeanaate 


FIRST PLUTONIUM PRODUCED in Argonne National Laboratory's Experimental Breeder 
Reactor is being shown to laboratory director W. H. Zinn by Stephen Lawroski, director 


of the laboratory's chemical engineering division. 
Rate of breeding in reactor is determined by comparing rate at 


of plutonium salt. 


Inset shows vial of yellow solution 


which U-235 atoms in core are undergoing fission and rate at which U-238 atoms in 


surrounding blanket are converted to Pu-239 


with the Manhattan Engineer Dis- 
trict and the 
the Office of 
Development 

With the appointment of Campbell 
and the recent appointment of Lewis 
L. the AEC is at full 


membership. 


certificate of merit of 


Scientific Research and 


Strauss, now 


Conference on Reactors 
to be Held in Norway 


The Norwegian-Dutch Joint Estab- 
lishment for Nuclear Energy Research 
will be the host at a three-day confer- 
ence on heavy-water reactors to be held 
August 11-13, 1953, at Kjeller, Nor- 
way. Visitors from 19 countries will 
attend the six sessions of the conference. 

The first session will be on design and 
construction, with Alvin M. Weinberg, 
U. S., acting as chairman. Speakers 
will be John V. Dunworth, England, 
John M. West, U. S., 
ski, France. The discussion of design 
and construction will be continued at 


and Leo Kowar- 


two other sessions. Chairman for the 
second part will be Sigvard Eklund, 
Sweden; the speakers will be Stuart 
McLain, U. 8., and Odd Dahl, Nor- 
way. Leo Kowarski will be chairman 
for the third part. 

There will be a session on kinetics 


and control, with John V. Dunworth 
as chairman. Speakers will be Arne 
Lundby, Norway, Alvin M. Weinberg, 
and Victor Raievski, France. 

Finally, there will be a two-part 
Paul 
will be chairman 
Goedkoop, 


Canada, 


session on neutron physics 
Scherrer, Switzerland 
of the first part; Jacob A, 
Norway, B. B. Kinsey 
Peter A. Egelstaff, England, will be the 
Manuel Sandoval Vallarta 


Mexico, will be chairman of the second 


and 
speakers. 


part. 
Most 
allotted 


discussion. 


sessions have time 


the 
short 


There will also be oppor- 


of 


for contributions and 
tunity for conference members to visit 


the establishment at Kjeller 


Radioisotopes in Medicine 
Subject of ORINS Course 


An advanced course on the clinical 
applications of radioisotopes will be 
given Sept. 14-25 by the Oak Ridge 
Institute of Nuclear Studies. 
pation will be limited to physicians who 
had with 


radioisotopes. 


Partici- 


have clinical experience 
Subjects to be covered include tumor 


localization, circulatory volumes and 


outputs, fluid and electrolyte spaces, 
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therapy of blood diseases, theory 
of radiation dosimetry, radioactivity 
measurement, Au!** and other colloids, 
interstitial and surface applications, 
teletherapy, I'*' in and 
therapy, and external counting. 

The course will consist of lectures, 


diagnosis 


clinics, and exhibits of equipment. 


Speakers have been selected from 


among the leaders in the specific 
fields. 

Application blanks 
tained from Special Training Division, 


ORINS, Box 117, Oak 


nessee, 


may be ob- 


tidge, Ten- 


Plans Proceed for Nuclear 
Engineering Conference 

Plans are almost complete for the 
three-day conference on nuclear engi- 
neering to be held at the University of 
California, Berkeley, Sept. 9-11, 1953 
(NU, May ’53, p. 74) 

Final selection of papers was to be 
made by July 15 from about 60 aec- 
ceptable abstracts. 

The first part of the conference is on 
reactors and nuclear power plants 
The papers in this part are grouped in 
technical 


four subdivisions: 


kinetics, instrumentation, and control; 


aspects; 
engineering economic aspects; and re- 
actor designs and descriptions 

The other three parts of the confer- 
ence are on isotope production and 
separation, isotope handling and utili 
zation, and accelerator engineering. 

It is planned that bound copies of 
preprints of the talks to be given 
will be available to those attending the 


conference. 


AEC Budget Allows for 
Multi-Bev Cyclotron Studies 


The original Atomic Energy Com 
mission budget for fiscal 1954 carried 
an item of $5-million for construction 
of a multi-Bev strong-focusing cyclo- 
tron, but, in the final budget submitted 
to Congress, this 
$1-million, a figure calculated to allow 
for further studies and possibly some 


was reduced to 


model tests. 

According to AEC commissioner 
H. D. Smyth, the higher figure was put 
in ‘‘when some ideas for building one 
of those big machines had just been 
brought forward, and with the usual 
over-optimism about new ideas the 
thought was they were so good, per- 
haps, that it would be possible to build 
a bigger machine for $5-million 

“Further 
that, although these ideas are good and 


will be very useful and will make it 


62 


examination has shown 


- —— 





AEC Office of Industrial Development displayed materials, processed, and equipment 
developed in atomic energy field and available for general industrial use 


W. Davidson, OID director (right) and G. Manov, assistant director, discuss absolute 
air filter display with J. Ayer, of Cambridge Corp., manufacturer of the unit 


Exhibits Show 
AEC, Industry Activity 


A growing industrial interest in the 
atomic energy field was clearly indi- 
cated by three exhibits in the h.xpo- 
sition of Basic Materials for Industry, 
in New York recently. 
dicated that they 
paring for an expanding atomic energy 


Two firms in- 
were already pre- 
market for materials. 

A positive approach to interesting 
energy and the 


industry in atomic 


products of atomic energy research 
was taken by the Atomic Energy Com- 
mission's Office of Industrial Develop- 
ment (OID). 


cessful that future showings are 


Its exhibit was so suc- 


heing 


planned. 


Sylvania's model of reactor power plant 
is explained to C. H. Prange, Austenal 
Labs, Inc. (right) by R. A. Jewett. Sylvania 
is working with AEC on development and 
manufacture of fuel elements, other reactor 
components. W. E. Kingston, Atomic En- 
ergy Division director, told NUCLEONICS that 
“we plan to be ready with facilities to 
manufacture fuel elements and compo- 
nents in the needed quantities’ when 
commercial use of atomic power is achieved 


pe 


N. C. Bartholomew, vice president of Carborundum Metals Co. (left) tells J. Atherton, 
Brookhaven National Laboratory, that "all pure Zr and Hf sponge are now processed 
for AEC, but metal for commercial applications will be produced by us in 1953” 
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SCIEV TIPLE 
RESEAROD 


Let the combined skills of one of the most 
diversified technical consulting companies 
develop, design, and deliver that highly- 
specialized equipment you need in your 
research. Many projects never get under 
way. because the most vital equipment 
does not exist. It is the function of the ADL 
Mechanical Division to share the analysis 
of your project and create this equipment 
for you. Many different fields of science 
and technology may be involved, and this 
is where our service is unique. By blend- 
ing the staff of the Mechanical Division 
with specialists from other divisions of the 
company, a most comprehensive range 
of scientific research equipment can be 


developed. 


WRITE FOR BULLETIN N21-2 


MECHANICAL DIVISION 


Arthur D.Wittle, Inc. 


30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS. 


THERMODYNAMICS + REFRIGERATION TO MINUS 456°F « METALLURGY + PHYSICS 
ELECTRONICS + APPLIED MATHEMATICS + CHEMISTRY + RADIOACTIVITY 
SPECTROSCOPY + SCIENTIFIC COMPUTATION « MEDICINE + BIOPHYSICS 


Vol. 11, No. 8 - August, 1953 


Typical Research Equipment Developed 
By The ADL Mechanical Division 


ADL CRYOSTAT 


The basic equipment in 
low temperature re- 
search is the ADL Col- 
lins Helium Cryostat. It 
liquefies helium and also 
maintains a test cham- 
ber from normal room 
temperature to within 
2 degrees of Absolute 
Zero. In the fields of 
metallurgy, electronics, 
nuclear physics and 
chemistry, it finds its 
widest application. 


ADL ELECTROMAGNET 


ADL ADRAD 

ADRAD will greatly aid univer- 
sity and industrial research 
laboratories by helping them 
make better use of the mass of 
scientific data which is now 
available. It automatically reads 
temperotures, pressures, and 
any other physicol variable 
that can be represented by oa 
voltage change. It records the 
reading rapidly in typewritten 
decimal form and simultane- 
ously punches the same infor- 
mation in a binary coded deci- 
mal form on tape for feeding 
directly into digital computing 
equipment. its “information” 
can also be transmitted di- 
rectly by teletype 


The ADL Electromagnet was created and de- 
veloped to provide magnetic field strengths of a 
magnitude normally requiring magnets of five 
times greater size and weight. Its versatility, 
functional features and performance have proved 
exceptionally effective in basic research. 


Arthur D. Little, Inc 


Tels Mela lilo) ist 


est, largest and most diversified of 


Tole lo he Me Teuliae) 


consulting com 


ponies. It offers research and devel- 


opment services in virtually all fields 


of applied science and Tale tial at -ialare| 
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WANTED: 





Editors for 
Staff of 


UNI 


---Need men with several 
years experience in atomic 


energy field 


---or recent graduates with 
strong college nuclear back- 


ground 


---Nuclear physicists, nuclear 
chemists, radiobiologists, nu- 


clear engineers 


Excellent opportunity for 


those wanting front seat in 


a growing new industry 


Send resume, salary 


requirements to 


The Editor NUCLEON ICS 


330 West 42nd Street 
New York 36, N. Y. 
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practically possible to build a_ big 
machine such as the West European 
laboratory wants to build, the cost will 
still be greater than $5-million to go to 


anything that would be worthwhile.” 


Plan Week-Long Conference 
on Nuclear Engineering 

A week-long meeting on nuclear en- 
gineering will be held at the University 
of Michigan the 
auspices of the American Institute of 
uni- 


next year under 


Chemical Engineers and the 
versity’s department of chemical and 
metallurgical engineering. 

In addition to men from this country, 
foreign engineers and scientists now 
working on atomic energy and similar 
problems will be invited to participate 
in the meeting. 

The program, to take place June 
20-26, 1954, will be in eight 
Each of these will be full-scale confer- 
ences covering, within the bounds of 
security, the latest developments in the 
field. 

Major divisions of the program and 
the chairmen are Robert 
Ernst, University of Louisville; Reactor 
Types and Technology, Lawrence C. 
Widdoes, Monsanto Chemical Co.; 
Vaterials of Construction, Miles C. 
Leverett, General Electric Co.; Nuclear 
Lane, 


parts. 


Education, 


Reactor Engineering, James A. 
Atomic Energy Commission; Processing 
of Irradiated Materials, Stephen Law- 
rowski, AEC; Reactor Fuel Refining and 
Preparation, John Clegg, Battelle Me- 
morial Institute; Application and Uses 
of Radioactive Products, Lloyd E. 
Brownell, University of Michigan; and 
Social Impact of Nuclear Science, F. J. 
Van Antwerpen, Chemical Engineering 
Progress. 

The conference is under the direction 
of Donald L. Katz, chairman, depart- 
and metallurgical 

university, and 


chemical 
of the 
committee on nuclear energy, American 


ment of 
engineering 


Institute of Chemical Engineers. 


Nuclear Power in Canada 
to be a Private Enterprise 


Responsibility for the production of 
commercial nuclear power in Canada 
will rest with private enterprise, ac- 


cording to C. D. Howe, minister of 


| trade and commerce. 


The government does not plan to go 
further than the completion of the big 
new reactor now under construction at 
Chalk River, and which is expected to 
be finished in 1954 or 1955. ‘‘ When 
it is finished,’’ Howe said, ‘‘the plans 


of Atomic Ltd., will be 


Energy, 


Use post card on last page 


“TOPSY,” CRITICAL ASSEMBLY at Los 
Alamos Scientific Laboratory is one of the 
remotely controlled machines used there 
to study properties of fissionable materials. 
Rectangular block of neutron-reflecting 
material on top of hydraulic cylinder holds 
part of critical mass; other part is inside 
housing directly above the block. Chain 
reaction is started by bringing two parts 
together and inserting normal uranium con- 
trol rods in openings in reflector. Machine 
uses enriched fissionable material and 
operates on modest power. Controls and 
TV viewer are located '4 mile away 


completed as far as Chalk River is 
concerned.” 

He also said that ‘‘methods of pro- 
ducing commercial power are now 
fairly We hope pri- 
vate industry will undertake building 


I am 


well developed. 


a reactor for commercial power. 
not going to ask the government to 
build this reactor because I do not think 


it a proper government operation.” 


South Australia Plans 
Nuclear Generating Station 
South Australia hopes to have a 
100,000- to 400,000-kw 
erating station operating by 1958, ac- 


nuclear gen- 


cording to a recent statement by 8. B. 

Dickinson, State Director of Mines. 
“South Australia has very low fuel 

reserves, and is possibly the one area 
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CUSTOM OR STANDARD 





Cre 


FIND YOUR ELECTRICAL and ELECTRONIC COMPONENTS HERE 


Slug Tuned Coils and Coil Forms. Single layer or pie type windings to your 
specifications. Forms of quality paper base phenolic or grade L-5 silicone im- 
pregnated ceramic. Mounted bushings are cadmium plated brass; ring type 
terminals are silver plated brass. All units include slugs and mounting hardware. 
Type C (above) available with retaining collars of silicone fibreglas. Note: 
Regular, CTC Coil Form Kit is available. Aiso available, new Coil Kit, Type 
X2060, with windings on standard LS-6 Forms. 


_— 4) 


X1143 


, x1578 
' X2041 Ky X2044 / 
x1463. X1558 /* 
\ i 
" \ x2043 8 
X1785 X1457 


Sliver-Plated Brass Standard Terminal Lugs. Twenty-eight different 
types, each available in varied shank lengths, coated with water dipped lac- 
quer for protection during storage. Other finishes include hot-tin, electro-tin, 
electro-tin lead, cadmium or gold plate on special order. Pressure and hand 
swagers available for mounting all terminals. Note: Combination screw and 
solder terminals are available in 3 sizes. 


..- The Guaranteed Components 


o 


i i 


it 
rf. 


X2045X X1942X 


x1990 


Insulated Terminals. Grade L-5 ceramic, silicone impregnated 
for maximum performance over broad humidity range. Rivet or 
screw stud type. 5 lengths of dielectric. Also available: phenolic in 
rivet or screw-stud mountings; ceramic with internal screw thread. 





HANDLE 


1120 X1786 X1552 X1774 


Hardware. Includes panel screws, thumb screws, dial locks, shaft 
locks, handles and handle ferrules, tube clamps, terminal board 
brackets, standoff mounts and spacers. 











~ 
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Terminal Boards. Standard type in cotton fabric phenolic, nylon 
phenolic or Grade L-5 silicone impregnated ceramic. Custom boards 
of cloth, paper, glass laminates (phenolic, melamine or silicone resin) 
imprinted as required, lacquered or varnished 

to specifications MIL-V-173 and JAN-T-152. 





All materials, processes, finishes meet applicable government specifications. 


Custom Made CTC Components will be quickly made to your specifications in production quantity. 


Write for Free Catalog #400 containing complete data on the entire CTC line. Includes engineering drawings on items 


pictured here os well as many other CTC components. 


CAMBRIDGE THERMIONIC CORPORATION, 467 CONCORD AVE., CAMBRIDGE 38, MASS. 
West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Blvd., Los Angeles 16, California 
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* Ae pe 
sBioe, Wile 


We Fused quartz of ex- 
treme purity (pure SiO2), 


and with low response to 
radioactivation, permits re- 
peated usage over a long 
period of time in nuclear 
work. 

Hanovia manufactures a 
complete line of fused 
quartz apparatus, duplicat- 
ing virtually all shapes in 
which chemical glassware is 
made. 


CHEMICAL & MFG. CO. 
100 CHESTNUT STREET, NEWARK 5, NV. J. 
Special Products Division 


Dept. N-853 


jin about five years. 


in the British Commonwealth where 
atomic energy would be economical 
today,’ Dickinson said. 

It is expected that extraction of the 
uranium fuel from ore would be carried 
out at Port Pirie. The government 
plans to continue its purchases of 
uranium and the encouragement of 


private companies and prospectors. 


RAW MATERIALS 


United States. 
now comes from sources outside North 
America, and substantial dependence 
on overseas sources will continue for 


Most of our uranium 


some time. There is reason for con- 
cern about whether all uranium needed 
for maximum production in U. 8. plant 
operations for the next year or two will 
be available. It is 
uranium stocks on hand will have to be 


possible that 


drawn down to lower levels than is con- 
sidered desirable. It may even be 
necessary to resort to operational ad- 
justments which would minimize the 
effect of a uranium shortage on weapon 
production. 

The longer range outlook for uranium 
procurement is more encouraging. An 
annual procurement goal has been 
established that is substantially greater 
than amounts bought in 1952. De- 
velopments in Canada, the Union of 
South Africa, Australia, and the U. 8. 
indicate that the goal may be reached 
With the growth 
of these new sources, the Belgian Congo 
will no longer occupy such a dominant 
position in the over-all picture, but is 
expected to continue making a substan- 
tial contribution to total requirements. 

The Atomic Energy Commission is 
convinced that it is of utmost impor- 
tance to procure all the uranium 
possible at reasonable prices. Every 
pound that suppliers may offer is 
needed, and they are being encouraged 
to increase production in future years. 


Hanford. 


uranium from sludge is now in full 


A plant built for recovery of 


operation, and the process is said to be 


working out very well. 


IN: BRIEF 


@® AEC scientists. The 1954 budget 
provides for the employment of about 


5,800 scientists in AEC laboratories. 


At Hanford, one 


new reactor has gone into operation 


@ Plant expansion. 


and two chemical processing plants 
have begun operating. At Savannah 
River, the supporting facilities are 


rapidly nearing completion and some 
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are already in operation preparing 
materials for start-up of the first of the 
major production units there. De- 
tailed analyses of requirements, plus 
some minor modifications have made 
it possible to eliminate from the expan- 
sion program one facility at Savannah 
tiver. 

®Storagetanks. Fifteen huge under- 
ground tanks will be built inside the 
barricades of the Hanford Works. 
Grove, Shepherd, Wilson & Kruge, 
Inc., Seattle, submitted a low bid of 
$2.4-million. The tanks will increase 
the waste storage facilities at the 


project. 


® Food preservation. Studies are un- 
derway at University of Chicago for 
possible uses of fission wastes for food 
preservation. A 50-r Co® source is 
being used for the work. 


® Soviet radioisotopes. Medical and 
biological experimentation with arti- 
ficially-produced radioisotopes is being 
carried out by Soviet scientists. 


®Radiopalladium in diesels. Re- 
search at the University of Michigan 
has shown that incorporation of radio- 
palladium in diesel engine metals 
makes possible lower compression ra- 
increased engine 


tios and greatly 


efficiency. 


NEWSMAKERS 


G. Failla of Columbia University has 
been elected president of the Radiation 
Research Society, and H. J. Curtis of 
Brookhaven National Laboratory has 
been elected vice president. A. Edel- 
man of Brookhaven and H. Patt of 
Argonne National Laboratory have 
been reelected secretary and treasurer, 


respectively. 


Bruce R. Prentice has been named 
manager of atomic power study of the 
atomic products division of General 


Electric Co., Schenectady. 


G. W. Morgan is the new chief of the 
advisory field service branch of the 
Atomic Energy Commission’s isotopes 
division at Oak Ridge. Oscar M. 
Bizzell has been appointed assistant 


chief. 


W. Tom Moore has been named an 
executive assistant in the atomic power 
division of the Babcock & Wilcox Co. 


Charles E. Winters, acting director of 
the reactor experimental engineering 
division at Oak Ridge National Labora- 
tory, has been appointed to the new 


post of assistant research director. 
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From a Single Dependable Source A Complete Line 


X-RAY ACCESSORIES and PROTECTION 


RADIUM STORAGE SAFE 


Bar-Ray Radium storage safes have 
been designed and fabricated of 
many sizes to meet individual re- 
quirements. Constructed of heavy 
cast and machined lead, the unit 
shown is typical. Despite its weight, 
it is readily handled by use of hard- 
ware designed specifically for this 
purpose. 

Cat. + 520 =~ Price Subject to Size 


At left is shown a portable radium carrier for trans- 
porting radium from safe to place of use. Also shown 
is a radium screen for viewing radium handling op- 
erations. 

Cat. + 521 Price Subject to Size 


COBALT 60 SAFE 


A Bar-Ray answer to an unusual problem! Cast in 
one piece of solid lead, 9” in diameter, equipped 
with a solid lead stopper, allowing storage space 
in the center of the sphere approximately 3x2”. 
This unit can be modified to meet individual re- 
quirements. 


Cat. + 1524 $165.00 


These examples of Bar-Ray ‘‘know- 
how” result from the experience of more 
than a score of years in lead and lead 
products. Whether your problem be one 
of radiation protection, an isotope fume 
hood or a special x-ray developing tank, 
we invite your inquiries. 


Send for Our Latest Catalog Sold Through Your Local Dealer 


BAR-RAY PRODUCTS, INC. 


209 - 25th ST., BROOKLYN 32, N. Y. « PHONE: SOuth 8-1020 


oe Steel Processing gu Isotope Fume Hoods and Labs Film Transfer Cabinets Lightproof Shades 
Val Lead Lined Chests and Safes Lead Protective Screens Lead Insulated Doors 





Affilictes: CAPITAL CUBICLE CO., INC. Hospital Cubicles TORJESEN, INC. Folding Partitions 
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For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personne! and 
the manufacturing capacity to 
help you solve your optical 
problem. 


KOLCMORGEN @ 


® 
CORPORATION 


Plant: 347 King Street +» Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 
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Yugoslavian"Research 


DEAR SIR: 

This letter serves to add information 
about activity in the nuclear sciences in 
Yugoslavia to the report “ World Prog- 
ress in Atomic Energy” (NU, Dee. 52 
p. 7) 

After the war, construction was be- 
gun of three natural sciences research 
Zagreb, 


institutes are 


Belgrade, and 
These 


completed and in operation, with the 


institutes’ In 
Ljubljana. now 
one in Belgrade oriented exclusively 


towards nuclear science and atomic 
energy. 

This 
“Boris Kidric,” until recently the In- 
stitute for Research of the Structure of 
Matter, was begun in 1948. 


itiative and leadership of this project 


Institute for Nuclear Sciences 


The in- 


was supplied by Professor Pavle Savie, 
work Madame 
Joliot Curie in Paris on the discovery 


known for his with 


of the fission of uranium in 1988. Soon 
after the 
was joined by his friend Dr. Robert 
Walen, formerly of the Institute Curie 


Institute was started, Savic 


in Paris, who now takes an active part 
in the leadership of the Institute and 
is head of the physics laboratory. The 
the Institute is 
Stevan Dedijer, a graduate in mathe- 


present director of 
matical physics from Princeton. 

The first job tackled was to form 
young scientific and engineering cadres, 
since before the war there was no tradi- 
tion in nuclear science in Yugoslavia. 
Today, in five laboratories, there are 
about a hundred young people working 
on a variety of problems. 


having con- 


The physies laboratory, 
structed the basic instrumentation and 
worked out techniques for its use, 
works on nuclear spectroscopy and a 
number of neutron physics problems. 
For this and other purposes the Insti- 
tute has a Cockeroft-Walton 1.5-Mevy 
accelerator, a 100-kev high-tension set, 
a l-eurie radium-beryllium source from 
Harwell, and 1 gm of radium solution. 

The physical chemistry laboratory, 
the Prof. 
works on problems of making metallic 


under direction of Savic, 


uranium, of impurities in uranium, 
Szillard-Chalmers reactions, kinetics of 
chemical reactions, ete. 

The technological laboratory, in co- 
operation with the chemistry labora- 
tory, is studying the process of obtain- 
ing pure uranium from ores. 


The biological laboratory Is study ing 


Use post card on last page 


health physies and the effects of radia- 
tion on cells, 

The applied mathematics laboratory 
works on servomechanisms and mathe- 
It has constructed 
the 
of systems of up to 30 linear algebraic 


matical machines. 


an analog machine for solution 
equations. 

Up to now, the Institute has con- 
structed its own scalers, amplifiers, 
G-M beta and gamma counters, scintil- 
lation crystals, etc. It has published 
two collections of scientific papers in 
Knglish and French during the past 
year; these are sent to all centers in 
various countries engaged in similar 


work. It 


and exchange with European labora- 


has an active collaboration 


tories ant has a number of people 


working in various atomic energy 


centers. 
For the last few the Insti- 


tute has had a group, headed by the 


months, 


writer, engaged in making preliminary 


studies for a heavy-water reactor. 


Minvorap Rustic 
Institute of Nuclear Sciences “‘ Boris Kidric”’ 
Beigrade, Yugoslavia 


Wide-Range Instruments 


DEAR SIR: 
One of my associates directed my at- 
tention to the article “An Improved 
Wide-Range Radiation Instrument” 
by Burgwald and Reiffel (NU, Mar. 
’53, p. 46). We have used the prin- 
ciples of dynode voltage feedback for 
some time to obtain a logarithmic re- 
sponse ol photomultiplier tubes to a 
very wide range of radiation levels. 
An article describing the principal fea- 
tures of such a circuit was published in 
Electronics 19, No. 11, 105 (1946). 

We believe that the features of this 
at- 
tractive advantages over the device of 
Burgwald and Reiffel since 

1. The 


performed electronically 


basic circuit may represent some 


self-balancing operation is 


and instan- 
taneously. 

2. A compensating circuit is incorpo- 
rated, rendering the scale very nearly 
linear over a wide range, and the prin- 
ciples are extensible to the total range 
of the instrument. 

3. The output of this circuit is suff- 
cient to operate high-speed linear ink 
recorders without supplementary com- 
plications 

Another 


article in a recent issue of 
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Electronics (1953) describes modifica- 


tions of the basic circuit in which the VEE Gn Ons a Gee BORGE @ 2 Gem DEORE E, 0 me a a. 


scale has been extended somewhat, and . : 
therefore ite utility in certain applies: Engineered for Lasting Performance 
tions has been improved. 

Instruments of this type are avail- 
able commercially in the form of the 

Macbeth-Ansco”’ model 12 color den- 
sitometer (Macbeth Corp., Newburgh, 
. and have been used fairly 








exte nsively in the photographie indus- 


The Model 541/A Pocket 


try for measurement ol color and black- . . 
Dosimeter consists of an 


and-white densities. Li de y apie 

An article “‘An Improved Photo- \ hermetically-sealed ioniza- 
mult iplier Tube Color Densitometer “5 tion chamber with at built- 
J. So Votion Picture Television in quartz fiber electrometer 
Engrs. 64, No. 1, 35, 1950), outlines (0 to 200 Milli-roentgen ) 


some of the theoretical reasons why the : : 
. p>apauagemantnnrss: br < and optical system for di- 
basic circuit can be expected to give di f 
a -* tO 

improved performance over the simpler ee 


linear circuits. -_ =a/ =6X-ray and gamma radia- 


Monroe H. Sweet @ tion at any time. 
Physics Research Laboratory, Ansco 


Binghamton, New York 4 OUR GUARANTEE OF CHAMBER PERFORMANCE 


Thorough engineering to ensure that these 





chambers, when made available, would be 


REPRINTS —— the best. 


X-ray and Cobalt calibration—using facil- 


Available in limited quan- ities second to none—so that we know their 


tities are: performance. 


Careful production and 


® Selection of Materials and = = ’ 
Equipment for Nuclear Re- — hermetic sealing—in New 


actors, plus an up-to-date = electronically filtered, VICTOREEN 
listing of reactors ($1.00) air-conditioned as- 
561 CHARGER 


Designed to chorge all standard direct 


® Remote Control Engineer- sembly rooms. 


ing, a special report Thorough elec- reading quartz fiber dosimeters to any 

trical, structural, voltage between 110 and 225 volts 

@ Hi - - . 
High-Energy Nuclear Phy and environmen- * Spring-looded charging socket 

sics 

tal testing—to ® Single off-on-charge knob 


BERNARD T. FELD © Compact, waterproof case 


rigid specifica- 
i © Bottery opercted 
© Pulse-Amplitude Analysis uons. 


in Nuclear Research 


4. B. VAN RENNES 


® Basic Problems in Central- 
Station Nuclear Power 
Ask for bulletin 3012 con- 
W. H. ZINN taining detailed specifica 
tions for all Victoreen 
dosimeters and chargers 





Please address your request to 
REPRINT DEPARTMENT 


NUCLEONICS 


330 West 42nd Street 


New York 36, N. Y. The Victoreen Instrument! Co. 
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New AEC Patent Releases 


THE FOLLOWING PATENTS, released by 
the Atomic Energy Commission, are 
available for royalty-free, nonexclusive 
licensing. Applicants should apply to 
the Chief, Patent Branch, Office of the 
Counsel, U.8. Atomic Energy Commis- 
sion, Washington 25, D. C. Identify 
patents by number and title. 

Portable Voltage Supply for Ra- 
diation Counters (2,628,338) C. D. 
Gould—high-voltage supply makes use 
of spring-powered generator adapted 
for manual operation. 

Flow Valve Control (2,()28,638) N.S. 
Herod, L. R. O'Neill 
nute adjustment by frictional plate 
clutch arranged 
coarsely adjustable and finely adjust- 
Useful in han 


capable of mi- 


between relatively 
able operating means. 
dling corrosive gases moving at low 
velocity. 

Apparatus for Fractional Sublima- 
tion (2,628,892) A. F. Reid—useful for 
separating components of volatile solid 
mixture by process involving counter- 
current flow of a solid and its vapors. 
Hot zone for vaporizing mixture and 
vaporized 


helical 


zone for condensing 


are established in a 


cold 
material 
passage rotated about its axis. 

Filter (2,629,459) R. P. Hammond, 
J. A. Leary 
matter from gas stream saturated with 
vapor Filter 
made of 0,004-in,.-diameter glass fibers 
packed to density of 0.1-0.6 Ib/ft*. 

Radioactive Resistor (2,629,837) J. 
M. Benade, FE. FE. Goodale, W. P. Jesse 

does not exhibit self-induced or self- 


for removing particulate 


such as water vapor. 


generated voltage when no external 


potential is applied to electrodes 


Consists of radioactively ionized gas 
and an ‘electric conductor in contact 
two electrodes. Self- 


with one of 


induced voltage of conductor is. of 
opposite sign and equal magnitude to 
self-induced voltage of electrode 
Tachometer (2,630,529) E. R. Mann, 
R. G. Hester 
type adapted to produce output voltage 


proportional to speed of rotating shaft 


mechanical-electronic 


over wide range of speed. 

Mist Filter (2,630,878) D. L. Hop- 
per, H. FE. Griner—small size and large 
capacity. Readily and 
operates with moderate pressure drop 


constructed 


to remove particles such as oil mist 
from gases. 

Process for the Preparation of 
Fluorocarbons (2,631,170) R. D. Fow!l- 
er—covers step of reacting trifluoride, 


70 


selected from group consisting of 
MnF; and CoF;, with hydrocarbon 
vapor at 150-400° C until all hydrogen 
of hydrocarbon compound has been 
replaced by fluorine. 

Method of Forming Coating Con- 
taining Uranium & Method of Isotopic 
Analysis (2,631,245) B. Cohen 
method for forming thin, uniform, ad- 
herent coating by electrolytic deposi- 
of substantially all uranium 
present in a prepared solution. Coat- 
ing is useful in determining isotopic 


tion 


composition of uranium by neutron 
bombardment and fission-particle 
counting. 

Remote Control Manipulator (2,632,- 
574) R. C. 
mounted through or over a protective 


Goertz—designed to be 


wall. Useful in performing mechanical 
operations with vessels and equipment 
material. 


containing radioactive 


Straight-arm manipulator comprises 
horizontal tube having tongs or jaws 
attached to one end and manipulating 
handle attached to other end. Oper- 
ator has freedom of motion in three 
dimensions. 

Separation Process for Actinium 
(2,632,763) F. T. Hagemann 
for separating actinium from acidic 


process 


aqueous solution of actinium and 
radium salts at pH of 2.5-4.5 by treat- 
ing with a solution of fluorinated beta- 
diketone in non-polar water-immiscible 
solvent, and separating radium-con- 
taining aqueous phase from immiscible 
chelate. 


solvent containing actinium 


Actinium extracted with acidie aqueous 


solution of pH < 2.5. Process may be 
used to separate actinium and thorium 
by adjusting pH of acidic solutions. 
Device for Separating Particles of 
Different Masses (2,633,539) W. Altar 
particles such as isotopes separated 
by passing through two synchronized 
alternating electric fields separated by 
a field-free space, then through a de- 
celerating chamber and a magnetic 
field to a collecting chamber. 
Electrical Apparatus and Method 
(2,633,540) V. C. Wilson, J. A. Simp- 
son—electrical field-reversing circuit, 
employed with radiation counter tube, 
speeds up collection of positive-ion 
cloud, thereby decreasing deadtime of 
counter tube to <1075, 
Leakage Testing Method (2,633,- 
740) J. P. Howe, A. B. Greninger, R. F. 
Plott—method for testing a jacketed 


body for airtightness, particularly the 


seam weld that seals jacket portions. 

High-Frequency Shunt (2,634,307) 
Q. A. shunt provides voltage 
signal independent of frequency vari- 


Kerns 


ations by isolating connected meter 
from inductive voltages produced In 
shunt. 

Pocket Radiation Meter (2,634,374) 
F. R. Shonka—adjustable electrometer 
employing preformed scale, in com- 
charging switch pro- 


bination with 


viding gas-tight seal, permits mass 
production of pocket dosimeter. 
Preparation of Uranium Bromide 
(2,635,035) J. E. Powell—uranium 
tetrabromide prepared by reacting 


uranium nitride with bromine at 
450° C or above. 

Preparation of Zirconium Tetra- 
fluoride (2,635,037) H. A. Wilhelm, 
K. A. Walsh—method for production 
of anhydrous zirconium tetrafluoride 
may be successfully used to prepare 
zirconium metal. Aqueous solution of 
treated 


acid to 


zirconium oxychloride with 


hydrofluoric form 
zirconium fluoride precipitate which is 
dried at 100-110° C and then heat 
treated for hours at up to 
575° C in presence of dry HF. 
Method and Apparatus for Stereo- 
scopic Recomposing and Measuring 
(2,635,339) W. M. Powell, H. P. 
useful for recording, 


aqueous 


several 


Hernandez, Jr. 
under a given set of optical conditions, 
of full-size visual image of path of par- 
ticle in space, and the recomposing in 
full size of the image under identical 
set of optical conditions. 

Production of Granular Beryllium 
Fluoride (2,635,944) K. A. Walsh, 
H. A. Wilhelm—by thin 


bed of beryllium hydroxide with an- 


contacting 


hydrous hydrogen fluoride for several 
hours at 300—-350° C. 

Preparation of Powdered Thorium 
(2,635,956) H. A. Wilhelm, P. Chiotti 
—massive metal converted to ThHy by 
600 


; bv lowering 


treatment with hydrogen at 
650° C and then to ThH 
slowly to 100° C. Introduction of hy- 
drogen is discontinued, furnace evacu- 
ated, and temperature raised to 700° C 
thus producing powdered metal. 

Rare Earth Separation by Anion 
Exchange (2,636,044) E. H. Huffman, 
R. L. rare-earth-citrate com- 


plexes adsorbed from acidic aqueous 


Oswalt 


citrate solution on strong base-ty pe 
anion exchange resin and selectively 


eluting complexes in order of increasing 
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rare-earth atomic number with citric ALL-WEATHER COMMUNICATION DEMANDS 


icid solution (pH of 1.5-3.0). 

Pulse Equalizer (2,636,118) B. 
Smaller—for measuring coincidences of 
electrical pulses by transforming pulses 

lom amplitudes into pulses of 
equal amplitude in which delay time 





for all pulses is constant. 

Uranium Complexes of Hetero- 
cyclic Diketones (2,636,886) H. I. 
Schlesinger, H. C. Brown—preparation 


of tetravalent and hexavalent uranium ’ 
complexes with heterocyclic beta di- | the nbda 
ketones such as furane, thiophene, 
pyrrole, and coumarone. 7 

lon Source Unit (2,636,990) J. D. é oughest aneformuons 


ww, J. S. Foster—employs magnetic 


THAT’S WHY THE APELCO RADIOTELEPHONE USES 


d to influence electron discharge and 
itilizes arrangement for removal of ion Applied Electronics Company, Inc., of 
San Francisco, builds the APELCO 
Fast Counting Circuit (2,636,993) 260S Radiotelephone for point-to-point 
\[. J. Jakobson—high-speed electronic | communication in oil exploration. 
eounter has double-coincidence circuits | This dependable equipment is the last word 
in rugged construction, designed to 
operate without failure in climatic extremes 
ranging from 35°F. below zero to the high 
f photomultiplier tubes, each attached temperatures and heavy humidity of tropical 
to scintillation crystal aligned in path climates. For intermittent duty, the 
equipment must operate effectively from 
80 volts to 140 volts input at 50-70 cycles. 


from center of ion density. 





for identifying pulses in presence of 


gh background noise. Employs pair 


of particle beam. 

Apparatus for Attaching Filaments 
to Electrodes in Machines for Coating 
with Metal Vapors (2,637,297) Z. M. 
Shapiro—particularly useful in hot- 

e method of preparing metals, such 

= zirconium, by thermal decomposition 

olatile halide. 

Apparatus for Attaching Filaments 
to Electrodes in Machines for Coating sdedel 2605 
with Metal Vapors (2,637,298) Z. M Power Supply 
Shapiro—electrode-tip assembly — for 





ittachment of hot-wire filament to 


electrode employs easily assembled and 








sembled and inexpensive current- 





carrying elements. 
Method of Dispersing Materials in Because the rugged performance 
Water (2,637,536) J. De Ment—com-) of apetco Radiotelephone equipment is 
ses introducing mixture of solid strongly dependent upon the quality 
dioxide and material to be| of the components used, Applied Electronics 
specifies and uses CHICAGO Sealed-in-Steel 
Transformers throughout. 
Wherever optimum dependability and 
Plott—evacuable-type die-casting rugged performance are requirements, 
ne maintains vacuum-tight seal you'll find cH1caGo—the world’s 
ithout applying pressure by either die toughest transformers. 


persed into liquid. 
Vacuum Die-Casting (2,637,882) R. 


section Seal remains relatively cool, 
Production of Uranium Tetrafluoride e Model 2605 
2,638,406) A. D. Tevebaugh, F. Radiotelephone 


by contacting uranium hexa- + Free "New Equipment” Catalog 
de at moderately elevated temper- a You'll want the full details on CHICAGO'S New Equipment Line, cover- 
e with HCl. HBr, or HI. ing the complete range of “Sealed-in-Steel” transformers for every 
modern circuit requirement. Write for your Free copy of Catalog 
Improved Window for Alpha Par- CT-153 today, or get it from your electronic ports distributor. 


ticle Counters (2,638,560) C. J. Bor- 
ki—ev\ acuable-type counting 
employs thin nylon-foil win- 
Export Sales Div.: 
| Scheel International, Inc 
ind soft betas and sufficient!y DIVISION OF ESSEX WIRE CORPORATION freee aan a 
. icago, Ill, US A 
withstand an appreciable 3501 ADDISON STREET, CHICAGO 18, ILL. CABLE ADDRESS 
e differential. HARSHEEL 


ch is transparent to alpha 
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Binary Scaler 

Detectolab, Inc., 6544 Sheridan Rd., 
Chicago 26, Ill. The DSI 
binary scaler is made up of the model 
DS2 sealing unit, model DV1 regulated 
high-voltage supply, and model DZ5 
Scale-of-64 DS2 


mode] 


scaler-control panel. 
has resolving time <2 usec, adjustable 
input sensitivity set at 250 mv, and 
self-contained plate supply. Connec- 
tors are provided for preamplifier or 
scintillation-counter input and positive 
or negative pulse output. DV1 supply 
provides 500—2,000 volts, continuously 
variable, with <1°%% variation in out- 
put voltage for 10% change in line 
voltage. DZ5 panel any 
number of scaling units operating in 
tandem. Timer reads up to 999.99 + 
0.01 min; register is 6-digit Veeder- 
Root. DA3 pulse amplifier, illustrated, 
has gain of 1,000, rise time <0.5 usec, 
decay time <3.5 usec, 4-my input sensi- 
tivity, 10-volt-amplitude output. (P-1) 


controls 


Radioactivity Analysis Kit 
Landsverk Electrometer Co., 550 W. 


Garfield Ave., Glendale 4, Calif. 
The model L-75KA analysis kit is said 
to have a limit of sensitivity 300-3,000 
times lower than 10-day and 30-day 
limits 


fission-product contamination 


72 


set by the Federal Civil Defense Ad- 
ministration. The kit 
analysis unit (NU, Aug., ’50, p. 96), 
light 
aluminum 


contains an 


battery-operated source, poly- 


styrene and dishes for 
liquid and dry-ashed samples, copper 
and planchet holders, 3 
filters, handbook of 


These are contained in a 


planchets 
aluminum and 
instructions. 
plastic-lined case. Handbook contains 


filter-transmission curves for fission- 
product beta rays from the first to 


tenth day after nuclear event. (P-2) 


Portable Monitor 


Jordan Electronic Mfg. Co., Inc., 119 
E. Union St., Pasadena, Calif. The 
Radector, a portable gamma-radiation 
detector, is an ionization-chamber 
models. 

ranges 0.05-50 
hr; model AG-500 
and 0.5-500 


monitor available in two 
Model AG-50 has 
mr/hr and 0.05—50 1 
measures 0.5-500 mr/hr 
radi- 


r/hr. Accuracy is <+15% of 


ation intensity. The battery-powered 
unit operates by a single control; bat- 
tery life is 350 hr of continuous use o1 


|-2 yr intermittent use. (P-3) 


Beta-Ray Sources 


Technical Operations, Inc., 6 Schouler 
Court, Arlington 74, Mass. Beta-ray 
sources, hermetically sealed in stainless 
steel with a 0.004-in. window, contain 
a uniform distribution of strontium-90 
activity. Strengths between 5 and 
100 


Suggested uses are in medical applica- 


me, or more, may be specified. 


tors, thickness gages, and calibration 
of high-range survey meters. (P-4) 


Want more information? 


Use post card on last page. 





Decimal Scaler 


Beckman Instruments, Inc., Berkeley 
Scientific Div., 2200 Wright Ave., 
Richmond, Calif. The 2105 
decimal scaler can be used for Geiger or 
A selection of 


model 


scintillation counting. 


preset counts and scaling factors is 
provided for operation of an external 
register, printing device, or counting- 
The unit is direct 


reading; it utilizes two plug-in decimal 


rate computer. 
counting Units and a four-digit mechan- 

High 300 
Standard 14-volt input 
(P-5) 


ical voltage is 
2,500 


sensitivity is provided. 


register. 
volts. 


Wirewound Resistors 
Shallcross Mfg. Co., Collingdale, Pa. 


The type G resistors are claimed to 
utilize the heat-resistant properties of 
wire to increase 


fiberglass insulated 


wattage ratings 5 to 10 times over 
standard wirewounds of the same di- 
mensions. The resistors are rated for 
a 150° C 


ambient of 25° C. 


temperature rise above an 
They are available 
in standard bobbin sizes with wattage 


ratings from | to 20 watts. (P-6) 


Counting-Rate Meter 


Utting Associates, Inc., 290 Centre St., 
Newton 58, Mass. The RM-1A rate- 
meter is designed for use with moving- 
coil or potentiometer-type recorders or 


almost any scaler. It is direct reading 
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vith ful ranges ol 300, 1,000, 
3,000, 10,000, 30,000, and 100,000 epm. 


l 
“scale 


ice of time constants permits 
10% of full- 


any 


1% 3%, or 


ipie error on range. 


nce loss is said to be <2% 
on 100,000-cpm range and 
on other precision Is 
1%. 


ve or negative pulses, 


ranges ; 
Input requirements 
> 5-volt 
output is 50 


posit 
implitude Recorder 
volts +10% full seale at load current 


up to 5 ma (P-7) 


Binary Scaler 


Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, Ill. 
The model 182 is available with 500 
5,000 or 500-2,500 volt variable power 
supply, with electrically reset timer 
and register, or manual-reset register 
with no timer. Instrument has Higin- 
botham scale-of-256 with 8-position 
scale-selection switch. Linear amplifi- 
cation is 1 mv to 1 volt; resolution time, 


) <().2 


2 wsec; and amplifier risetime, 
Meet (P-8) 


Counting-Rate Computer 


Radioactive Products, Inc., 443 W. 
Congress, Detroit 26, Mich. The 
model C-l1 counting-rate computer 

les a direct reading of 
with sealer. It 
preset count ranges; a 
both 
At conclusion of 
the 
(P-9) 


average 
ounting rate any 
has 5 automatK 

lear lever controls 
computer. 


dial 


ng-rate reading directly. 
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counting i pointer gives 


ount 


Radiation Detector 


Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 8, 
Calif. The Gamatek radiation detec- 
tor, basically a moving-vane electrom- 
eter, indicates accumulated dosage 
of y- and X-rays on a direct-reading 
dial. 


takes to cross dial 


By observing the time the needle 
it may also be used 
radiation ratemeter. Full-seale 
250 
zeroed by an integral friction charger 
knob. 
(P-10) 


as a 


reading is mr. Instrument is 


operated through an external 


No batteries are required. 


Two-Speed Chart Drive 


Minneapolis-Honeywell Regulator 


Co., Industrial Div., Wayne & Windrim, 


Aves., Philadelphia 44, Pa. This two- 
speed chart drive automatically boosts 
chart speed 30 or 60 times (depending 
the 


beyond preset limits 


on model) when process varies 


When 
conditions return, chart speed drops to 


normal 


its usual pace. It is designed foi 


single-record strip-chart instruments 


for 


instruments. 


and conversion of single-speed 
changes may he 


(P-11) 


Speed 


made with a manual switch 


Frequency Standards 
Central Scientific Co., 1700 Irving Park 


These 


made as 60- or 


Rd., Chicago 
quency 
100-cycle-output 


available 


13, Ul. 


standards are 


fre- 


models; other fre- 


quencies are Temperature 


Wont more information? Use post card on last page. 


- 20 to -+ 75 q with lor 5 
° C temperature coefficient; tun- 
+ 0.003 % 


Variations are said to have no 


range 1s 
ppm 
Ing accuracy 1s Line-fre- 
quency 
effect on output. 
at 40 volts, a-c, 


watt output. 


Standards are rated 
10 25 Or yO 
(P-12) 


with 2, 5, 


Data-Reduction Scale 


Gerber Scientific Instrument Co., 162 
State St., Hartford 3, Conn. The 
GraphAnalogue reads directly linear 
and arbitrary nonlinear functions in 
such cases as obtaining infrared curve 
ratios, normalizing mass spectrometer 
curves, analyzing diffraction patterns, 
The 


and reading oscillographs directly 

scale operates with two springs, 
having 100 coils calibrated in fives and 
tens, and the other carrying the num- 
bers 0, 2, 4, 6, 8, and 10. 


are attached to a slide that 


Both springs 
extends 
them the desired length; the slide is 
self-locking in any position and carries 
a hairline with it. (P-13) 


Self-Luminescent Sources 


Tracerlab, Inc., 130 High St., Boston 10, 
Mass. 
cent 


Tritium-activated self-lumines- 


materials serve as light sources 
providing luminosity up to 25 micro- 
lamberts. Two types of sources are 
available: tritium-labeled organic phos- 
phors and a tritiated solid mixed with a 
phosphor such as zine sulfide. Organic 
phosphors have spectral emission char- 


the peak 
spectrum is at 3,800 A with some emis- 


acteristics — of molecule: 


Mixed ty pe can 
73 


sion in visible region 





be prepared with maximum peak from 
4,000 to 7,000 A, depending on phos- 
Tritium deeay corres ponds to 


P-14 


phor. 
loss in light output of 5%/y1 


Planchet Counting Shield 


Nuclear Research and Development, 
Inc., 6425 Etzel Ave., St. Louis 14, Mo. 
The model LH-3 shield, for scintillation 
counting of samples in planchets, sur- 
rounds counter and sample with 1! in. 
of lead. Planchets up to 2-in. diameter 
and 44-in. deep may be used. Re- 
cesses, 23¢-in. diameter and = !¢-in. 
deep, permit mounting absorbers over 
planchets. 


ter height up to 8 in., is bored to order 


Clamp, for adjusting coun- 


diameter 


(P-15) 


wy “ 


to accommodate counter 


between 24¢ and 25¢ in. 


Spectrometer 


Varian Associates, 941 Varian St., San 
Carlos, Calif. The model 4300 high- 
resolution spectrometer, principally 
applicable to compounds containing 
detects differ- 


hydrogen or fluorine, 


ences in nuclear magnetic resonance 


structural spectra of isomers. Com- 
parison of resulting oscillose ope traces 
against those obtained from known 
fluorine compounds makes it possible 
to identify structure in the two isomers 
Addition or substitution of 


radiofrequency units permits studies of 


avatlable 


many other isotopes. In operation, 
spectra are observed and recorded by 


strip chart or oscillograph. (P-16 


74 


Beta-Gamma Counter Tube 


Victoreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, Ohio. This 
the 1BS5 


gamma counter tube has wall strength 


Iie 


proved version of beta- 


increased by five times against over-all 


pressure and by 2!5 times against 


point pressure. Sizeable dents in the 


30-mg/em? aluminum side wall are 
said not to affect operation, except to 
The tube has a 200- 
100- 
volt slope, operating voltage 900 volts, 
threshold voltage SOO volts, and life 


of 10° counts. (P-17) 


shorten plateau. 
volt plateau with maximum 5% 


Potentiometer 


Electro-Mec Laboratory, 19 Murray 
St., New York 7,N. Y. The type 1418 
potentiometer is a  voltage-dividing 
shaft 
Resistance 
100 


3 Watts, 


resistor with low as 


0.025 


torque as 
\ alues ure 
350,000 


the poten- 


oz-in. 
bet ween and 
fated at 
tiometers provide electrical rotation up 
to 360 linearity to 0.1%, and 
to 0.03%. The to- 
element is 

(P-18 


available 


ohms 


deg, 
resolution dow n 


roidally wound resistor 


33, in. long 


Radioactivity Battery 


Radiation Research Corp., Box 8126, 
W. Palm Beach, Fla. The model E-50 
radioactivity battery has an open-circuit 
10 kv, 
current is about 50 wyua, calibrated to 


voltage of maximum; no-load 


Want more information? Use post card on last page 


<4yuyf. Charg- 
10 volts, see 
to 100 volts. 


Ss! 90 


+ 1%; and capacity is 


ing rate Is open circuit 
Ionization source 
half-life). 


from surface 


linea! 
ls 10 me. of (25-v1 
External radiation 1 in 
is less than permissible tolerance for a 


10-hr week. 
is 65 to 65° C., 


Operating temperature 
Suggested uses are: 
dosimeter charger, calibrator for elec- 
bias high-resistance circuit 
(P-19 


trometers 


elements, and test insulation. 


Power Amplifier 


John Fluke Engineering Co., 1111 W. 
Nickerson St., Seattle 99, Wash. The 
200A a-c fur- 
115 
cps. It is 


power &@ mplifier 
over the range 
rated at 1,000 


with dis- 


model 
nishes O volts 
104,000 
watts at 75% power factor 
tortion of not more than 145% at unity 
power factor, and not more than 3% 
at 75% Regulation at 


factor is 7%; output 


power tactor 


unity powel 
unaffected for 


(P-20 


voltage is substantially 


10% line-voltage change. 


Regulated Power Supply 
Kepco Laboratories, 131-38 Sanford 


The model 
is continuously 
1.500 volts 


Ave., Flushing 55, N. Y. 
1520 
variable 
delivers 0-200 ma. 
1,500 volts, output voltage variation is 
105-125 
volts and load variation from minimum 
Ripple is <30 


mv peak to peak. (P-21) 
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power supply 


from O to and 
In the range 30 


\4 % for line fluctuation of 


to maximum current. 





Money ts 


an object ! 


We at WALTER KIDDE NUCLEAR 
LABORATORIES, INC., are 
engaged in the development 
of commercial atomic power 
and in the application of 
nuclear technology to 


industrial processes. 


Our operation is professional 
in character. We have a staff of 
experienced engineers, 
physicists, chemists and 
laboratory technicians. Their 
professional ability is the 
foundation of our business. 


But our operation also has a 
business aspect which is just 
as important to our goal. 
\tomic power will not benefit 
mankind unless it is 
economical—unless it is a 
self-supporting business. 
Therefore, we have started out 
on a self-supporting basis and 
we are frank to admit that 


money is an object. 


That is why we are interested 
in both the professional 
quality of the work we do and 
in its cost. We understand the 
importance of money to our 
customers because it is 


important to us. 


Yes, we can do a better job for 
our customers because, to us, 


’ 
money isan objec t 


Walter Kidde Nuclear 
Laboratories, Ine. 


Stewart Avenue 
Garden City, Long Island 
Development—Engineering 
Laboratory Research 
Nuclear Power Plants, 
Industrial Applications 
of Radioactivity 
and Advanced Engineering, 


Physics and Chemistry 
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Analog Computer 


North American Philips Co., Inc., Re- 
search & Control Instruments Div., 750 
S. Fulton Ave., Mount Vernon, N. Y. 
This 


signed to record random counting rates 


counting-rate computer is de- 
on a linear chart with a constant com- 
puted statistical accuracy. The com- 
puter makes use of Ohm’s Law as the 
analog to the basic counting equation, 
nT = N, 
T = time 
number of counts. 


rate, 
total 


counting 
and N 


where 7 


interval, 


used with a scaling circuit adjusted for 


fixed-count operation; range is con 
trolled by choice of scale factor and 
speed with which computer slidewire is 
driven. (P-22) 


Slide-Wire Potentiometer 


G. M. Giannini & Co., Inc., 117 E. 
Colorado St., Box N, Pasadena 1, 
Calif. The S5171A_ slide-wire 
multiturn potentiometer is available in 
+ 0.05 % + 0.25% 
linearity and rotational tolerances of 
+1, —O deg. 
to include infinite resolution, extremely 


model 
grades of and 
Characteristics are said 
low operating noise level, low starting 


minimum inertia 
1.000.000 


torque ot 0.6 oz-in.. 
effects, 


Resistances of 


and life of evcles,. 


2 ohms per turn and 
available in 


(P-23) 


50-250 ohms per turn are 


1-10 turn potentiometers 


Microscope-Metallograph 


Opplem Co., Inc., 352 Fourth Ave., 
New York 10, N. Y. The Galileo CSF 
metallurgical microscope and metallo- 
graph is said to occupy only $79 to boo 
the 
instruments. 


space normally taken by such 


Magnification with vis- 


ual observation 1s up to 1.000. and 


Want more information? Use post card on last page 


Computer must be | 


NWEW LABORATORY 


A general purpose laboratory 
instrument for the accurate 
measurement of alpha, beta 
and gamma radiation. An 
eleven-stage photo-multiplier 
tube is used and a Sodium 
Iodide crystal of diameter 
14” (3.8 cm) and length 1}’ 
(2.86 cm) is provided for 
gamma measurement. 
Alternative holders for alpha 
and beta assay work can also 
be supplied. 

The heavy adjustable stand 
enables the probe unit to be 
used in any position. 


Other Instruments avatiabi« 


Portable Beta Gamma 
Radiation Monitors 

Portable Neutron Monitors 

Rate Meters 

Pulse Amplifiers 


Nucleonics Division 


BURNDEPT LIMITED 


tRITH KENT —NGLAND 














| 


flared-tube fittings 
(in Stainless or Monel) 
give you the 


PATENTED “92-WAY SEAL 


\ 


1, Double-sealing, self-centering 
seat is Teflon-reinforced to give 
you DOUBLE protection against 
costly, dangerous leaks. 
2. Heavy-duty, fotigue-proof . 
designed for high pressure use. 
3. Easy to install. 
4. Economical ... parts interchange- 
able and reusable. 
5. Complete line for tubing through 
1” 0.D. 
6. Prompt shipment through leading 
Stainless distributors. 

Our engineers will be glad to 


work closely with you in solving your 
special tube fitting problems. 


THE SPECIAL SCREW 
PRODUCTS CO. 


5445 Dunham Rd., Bedford, Ohio 


Send for Proof 


=e ee 
Literature covering 
Koncentrik fittings, and 
Powell valves with ma- 
chined-in Koncentrik con 
nections, now available 


Write today 
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with photographic and projection ob- 
1,500 X. 
provided for low and 


servation up to Two dry 
objectives are 
medium magnifications and one oil- 
immersion objective for high magnifi- 
cations. Seven photographic lenses 
cover the full magnification range. An 
opaque illuminator allows bright-field 


and dark-field observation (P-24) 


Potentiometer 


Trans-Sonics, Inc., Bedford Airport, 
Bedford, Mass. 


sure-operated potentiometer, for the 


The type 71-5 pres- 


range 0-15 psia, has the potentiomete: 
winding and mechanism hermetically 
sealed in a vacuum. The _ potenti- 
ometer can be used on liquid or gas 
medium 

Accu- 
racy is +2% of full scale; resistance of 
7,500 
applied voltage on winding is 75 volts 


(P-25) 


systems since the pressure 


does not contact the winding. 


winding is ohms; maximum 


d-c or a-¢ rms, continuous. 


Filament Transformer 


Magnatran, Inc., 246 Schuyler Ave., 
Kearny 1,N. J. 


former is designed especially for sup- 


This air-cooled trans- 


plying filament voltages to rectifier 


Want more information? Use post card on last page 


Primary taps are provided at 
200, 210, 220, 230, and 240 volts, or for 
Kither 50- 
or 60-cycle input may be used. The 


tubes. 
any series of taps desired. 
unit is filled with a compound that 
transfers heat from coils to case and 


excludes dust and moisture. (P-26) 


Power Supplies 


Atomic Center forInstruments & Equip- 
ment, Inc., 489 Fifth Ave., New York 
17, N. Y. Beva models 300 and 301 
powel supplies have outputs of 500 
1,600 and 1,000—5,100 
respectively. Maximum 


volts, d-ec, 
output for 
both instruments is 1 ma. Regulation 
is 0.01 % for load variation from zero to 
1 ma and line-voltage change from 105 
to 130 Voltage variation is 
<0.1%/day. Noise and 
+0.020 volts at 5 kv. 


positive or negative grounded. 


volts. 
ripple is 
Models are 


(P-27) 


Water Demineralizer 


Penfield Mfg. Co., Inc., 19 High 
School Ave., Meriden, Conn. The 
1953 model permanent cartridge de- 
sight indicator 


mineralizer utilizes a 


for adjusting intake flow to the 
optimum rate for most efficient ion- 
It supplies 10 gal/hr 

With raw 


containing 5 grains of solids, one resin 


exchange action, 
of purified water water 
charge furnishes 200-230 gal of water 
An electric purity meter provides con- 
tinuous conductivity information, warn- 
needs 


(p-2 


ing when the resin charge 


Servo Amplifier 


Industrial Control Co., Wyandanch, 
N. Y. The 434-B transistor-magnetic 
servo amplifier is completely — self 
contained, requiring ho power supply o1 
damping tachometer It has six con- 


) 


nections: 2 synchro inputs, 2 motor- 


control-phase outputs and 2. for 
117 —svolts 100 


autosyns are the recommended data 
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cycles. Single-speed 





system, with voltage gradients between 
0.25 and 1.0 volts/deg, at carrier- 
phase shifts between zero and 15 deg 
leading. Gain is adjustable and servo 

nance can be peaked to mate 


vide range of gear ratios. (P-29) 


Inverter 


Ballantine Laboratories, Inc., Boonton, 
N. J. The model 700 inverter, in 
combination with a 60-cps voltage- 
sensitive device, measures d-e poten- 
tials down to 10 wv and detects d-e 
potentials down to 1 ywv. Inversion 
ratios (d-c to a-c, rms) are 1:100 with 
input resistance of 10 megohms and 


10:1 with 50 megohms. Inversion is | 
directly portional to d-c magnitude and 


yhase sensitive to d-¢ polarity r (P-30) 


I 


All-Purpose Filters 


Titeflex, Inc., 500 Frelinghuysen Ave., 
Newark 5, N. J. These filters are 
claimed to be usable for almost every 


filtration purpose. Standard models 


have capacities of 300-10,000 gal/hr | 


water irger filters can be built 
to customers’ requirements. Essential 
omponents of the filters are filter 
chamber, precoat tank, motor, and 
pump. Suspended particles down to 
micron are removed without 
cting taste, smell, color or chemical 
ymposition (P-31) 


Electronic Pyrometer Controllers 
Bristol Co., Waterbury 20, Conn. 


The Free-Vane electronic pyrometer 
controllers actuate relavs, electric con- 
tactors, solenoid valves, and motor 
alves. Basic model provides low- 
open high-open, and low-high control; 
an additional plug-in unit makes pos- 
sible proportional current input for 
straight-lir control of many heat- 
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Save 
Draftsmen’s 
Time 


CAN D0 The Vari-Typer lettering machine is the 
fastest and most economical method of 


lettering specifications on tracings and draw- 

ings. It is four to five times faster than hand 

THE JOB lettering and is operated by an office typist. 
Every letter and figure is uniformly clear and 

distinct. .nstantly changeable type, with 

hundreds of different styles to choose from 

s in sizes ranging from 6 


point to 18 point, Write 
today for information. 





athe ees, o 


RALPH C, COXHEAD CORP. 
720 Frelinghuysen Avenue. | 
Newark 5, N.J. | 


Please send Vari-Typer Book 195 


| 
| 
J 


Lettering Machine! «*:;---~- 


Body copy produced on DS] Model. Head- 
lines photo-composed on the Headliner. que Ge Ge Ge Ge ee Ge 





Hi-D° 
LEAD GLASS WINDOWS 
IN CONCRETE WALLS 


- « « Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 

compounds (metallic oxides) can -; ae 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- p a * TRADE 
sults in great dilution and re- wie ance ./. MARK 
moves the danger. For deposits 7 
on exposed surfaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy Hi-D Lead Glass Windows in con- 
metals and to help remove radio- crete walls are dry, and hence are 
active deposits. Send for sample. tio Tighe area Es 
Write Dept. I for Technical ay. ae - Where the 
Bulletin No. 2. Chemical counsel viewing problem is mainly wide- 
available on request. angle vision, Hi-D Glass is fully com- 


*Trade Mark Registered \- petitive in price with zinc bromide. 
LARGER SIZES NOW AVAILABLE 


Send for circular GS-3A 


> NBERTHY 
BERSWORTH | CHEMICAL C0. RENPERT ay 


FRAMINGHAM, MASSACHUSETTS 
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optical grade 
ZINC BROMIDE 
nr, 


for your viewing windows 


You know the efficiency of Zinc Bromide. 
In optical grade solution it is an effective, 
economical answer to your shielding window 
problems. Michigan Chemical now offers 
prompt supply of this compound to comply 
with all AEC specifications. Write us, wire us, 
or call. We'll be glad to serve you at once. 


Send today for your free copy of 


NUCLEONICS reprinted article, — 
“Desien and Construction of 
Shielding Windows’. 
michigan chemical corporation 
Saint Louis, Michigan 





SCOPE DOLLY 
Model 1 
Convenient Height and Viewing Angle 
Adjustable to Hold Portable Scopes 
Ball Bearing Swivel Rubber Tired Casters 
Lightweight Aluminum Construction 
Recommended by Laboratories Wherever Used 


$35.00 FOB Lovisville, Ky. 


Formerty manufactured by UNIQUE DEVICES 
Now manufactured and sold by 


TECHNICAL SERVICE CORPORATION 


3116 Michigan Drive Louisville 5, Kentucky 








MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St., New York 36, N. Y. 
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ing appliances. A double-control-unit 
model provides low-open-high or low- 
normal-high control. Controllers are 
made for ranges from 0-400° F to 
0-3,000° F. (P-32) 


D-C Amplifier 

Measurement Engineering Ltd., Arn- 
prior, Ontario, Canada. The AEP 
1478 d-c amplifier measures currents 
in the range 107'%-10~7 amperes. For 
continuous monitoring and automatic 
control of potential radiation health 
hazards, the amplifier operates alarm 
circuits at any current level in this 
range. Feedback is 100%; no-feed- 
back gain is 1,200 or 250. Three 
switches are available for operating 
external control circuits; alarm level is 
continuously variable from 1.0 to 50 
volts. Drift <50 mv/week. (P-33) 


INDUSTRY NOTES 


> Tracerlab, Inc., 130 High St., Boston 
10, Mass., is building a 15,400-sq-ft 
building in Richmond, Calif., to replace 
the present Berkeley quarters of 
its Western Division. Completion is 
scheduled lol November. The new 
structure will house scientific and 
administrative offices, radiochemistry 
laboratories, and facilities for nuclear 


instrument production and research. 


® Servomechanisms, Inc., has moved 
its corporate offices from the Westbury 
Div., Westbury, N. Y., to 500 Franklin 
Ave., Garden City, N. Y. 


P® Atomic Instrument Co., Cambridge, 
Mass., is newly represented in the 
northern California area by Kittleson 
Co., 2166 Market St., San Francisco 
Calif H. F. Gray, Jr., is office 


Manager 


RP Nuclear Instrument & Chemical 
Corp., 229 W. Erie St., Chicago 10, 
Wll., offers a film-badge service similai 
to that being discontinued by ORNL 
Interpretation is provided of y-radia- 
tion from 150 kev to 20 Mev over the 
range 50 mr to 500 r. Film packets 
are supplied on a periodic basis. <A 
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high-range catastrophe film is provided SQUARE PULSE GENERATORS 
to measure accidental exposure to large for the 
MILLIMICROSECOND TO MICROSECOND RANGE 


amounts of activity. 


Consolidated Engineering Corp., 
Pasadena, Calif., has announced the 
promotion of three executives. Hugh 
F. Colvin, Robert L. Smallman, and 
Victor Pollock have been elected vice 
president and general manager, vice 
president in charge of sales, and 


treasure! respectively. 


» Westinghouse Electric Corp., 2519 Model 100 Model 200 
Wilkens Ave., Baltimore 3, Md., 15 For nuclear pulse work, radar, TV, wide band amplifiers and in the design, 
distt ibuting the Siemens-Reiniger line ' eglibration, and servicing of fast electronic systems. 
of radiological equipment. NOW—New Square Pulse Generators with a rise time of one millimicrosecond (10% 
seconds) and a pulse width which can be varied from one millimicrosecond to several 
LITERATURE AVAILABLE microseconds is commercially available. Positive and negative pulses of 100 volts maxi- 
Paniend : ' int mum amplitude are generated; the pulse amplitude can be varied from 100 volts to 
oe a ae nmaare 0.006 volts in 1 db steps. The output impedance is matched to the common impedance 
Proper Maintenance of Control” | eggyial cables in use. 
contains trouble-shooting chart. Allis- MODEL 100—Single pulse output 
Chalmers Mfg. Co., 1316 S. 70th St., MODEL 200—Double pulse output— 
Vilwaukee, Wis. (L-1) (each pulse may be individually 
eg re attenuated and delayed) 
Metal hose. Catalog 200 includ MODEL 300—Three or more pulse outputs 


seen en ction doses Se ew 1 ELECTRICAL AND PHYSICAL INSTRUMENT CORPORATION 
DESIGN, DEVELOPMENT AND MANUFACTURE 


data. Tuitefler, Inc., 500 Frelinghuysen 
Ave., Newark 5, N. J. (L-2) ELECTRONIC AND ELECTRICAL DEVICES 
Sales and Business Office Engineering Division 
Vacuum metallizing. Reprints of 25 West 43rd Street 42-19 27th Street 
Economical Finishing with Vacuum New York 36, N. Y. Long Island City 1, N. Y. 


Metallurgy” discuss factors to be Telephone: Longacre 4-2265 Telephone: Stillwell 4-6389 





considered in applying process. Na- 


tional Re Serre h Corp., 0 Me mortal Dr.. WHERE To BUY . . DNICALLY REGULATED 


Cambridge, Mass. (L-3) i ¥ ORATORY 


Laboratory equipment. ‘‘What’s 


New for the Laboratory,”’ 18th ed., HIGH i Ti} J R SUPPLIES 


lists new items, including polyethylene ( VOLTAGE 


aids Scientific Glass Apparatus Co., 


Inc., Bloomfield, N. J. (L-4) POWER 
in- SUPPLIES 


cludes articles on high-vacuum pumps, ‘ 
. Available in ranges from 
frequency standards, and oil diffusion 2,500 to 25,000 volts D.C., with or without wee 
: Sa ain . * built in meters. Regulated or unregulated Re 
pump Central Scientific Co., 1700 types available. Delivery good on all 
) » ’ , - standard mode's. ee 
Irving Park Rd., ¢ hicago 138, Jl. (L-5) tate tae a 























Pumps. Cenco News Chats” 





Infrared absorptioncells. Bulletin A-3 ; PRECISE MEASUREMENTS CO 


HWAY 


describes cells and accessories. Perkin- f f 
Elmer Corp., Norwalk, Conn. (L-6) ot e INPUT: 105 to 125 VAC, 
: ; Larger Sizes Now Available i oY PRE 50-60 « 

Laboratory appliances. Catalog de- Hi-D* LEAD GLASS WINDOWS | ™ 2 Y 

cribes Castalk clamps, holders, and For use in steel, lead, and concrete walls. ay. Cite OUTPUT #1: 200 to 325 

supports Fisher Scientific Cen sir *Trademark | ? x Volts DC at 100 ma 
‘orbes St.. Pittsburgh 19. Pa (L-7) PENBERTHY INSTRUMENT CO. Lona, | regulated 

I yh 19, ‘ 6-8 s le 8, W : a 

isi is pointer sn ae (© OUTPUT #2: 6.3 Volts 

Description of facilities. Pamphlet AC CT at 3A unregu- 
itlines engineering and production 4 lated 


’ products of company. SEARCHLIGHT SECTION me RIPPLE OUTPUT: Less 


ment Co., 3800 Perkins / than 10 millivolts rms 


























1, Ohio. (L-S) ss For complete information write 


Densitometer comparator. Bulletin FILM MONITORING : aise — ee . 
39 describes a densitometer that uses SERVICE PAUPA paw 


2-beam optical null method. Baird St. John X-Ray Laboratory 


{ssociates. Inc.. 33 University Rd.., 
- pia oo 19 Celifon, Mew Jersey 
amobridae 5 ass, (Led) 
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I D [ Model 115 Single Channel 
PULSE HEIGHT ANALYZER 


* 


CHANNEL WIDTH 
RANGES: 0 TO 5 AND 
0 TO 10 VOLTS 


CASCODE LINEAR 
AMPLIFIER 


INDIVIDUAL COINCI- 
DENCE AND ANTICO- 
INCIDENCE CIRCUITS 


PRECISION PULSE 
GENERATOR 


MAY BE USED AS 
EITHER INTEGRAL OR 
DIFFERENTIAL ANA- 
LYZER 


Makes possible studies of the amplitude distribution of electrical pulses 


between 0 and 100 volts. 


This unit is more efficient than an ordinary analyzer and at the same 
time saves you money by eliminating the need for extra equipment. 


CORDER TO PLOT AMPLITUDE DISTRIBUTION AUTOMAT- 


: A MOTOR DRIVEN CHANNEL LEVEL CONTROL AND RE- 


ICALLY, IS AVAILABLE ON SPECIAL ORDER. 


RIDL QUALITY 


Model 418 Linear Amplifier 


oe 


BASIC CIRCUITS OF OAK 
RIDGE A-1 LINEAR AMPLI- 
FIER 


10 TURN HELIPOT AND 
DUODIAL FOR EXTREME 
PRECISION 


Designed for amplifying pulses 
from an ionization chamber, pro- 
portional counter, or similar device. 


pulse height selector is provided so that only pulses larger than a 


selected value will be counted. 


For complete information write for descriptive literature. 


: 


astrument Development Laboratory 


Pee Pe 
See 
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W, IMPROVED AMPLIFIERS 


For use in scintillation and 
proportional counting techniques 


fond 


The new Linear Amplifiers, Models 217 
and 218, are the latest versions of the ORNL 
\l Amplifier. Both models have similar fea- 
tures except for an additional front panel 
receptacle in the Model 218 which allows 
signals to be fed directly into the output 
feedback loop, facilitating its use for pulse 


height analysis work. MODEL 219 
Improved Features Include: LINEAR 


® more electrostatic shielding of amplifier and discriminator 

® increased output linearity through use of twin triode PREAMPLIFIER 
as output cathode follower in amplifier 

® separate transformer supplies filament voltage to preamplifier ; 

° tell f , ene tdete fue aniater 6 ae “am tical For added = gain’ when 
special transformers reduce high frequency transients rermetically Models 217 and 218 are used 
sealed transformers and chokes used throughout with high impedance, low 
improved overloading characteristics level input sources. High 

large negative output pulse from discriminator voltage can ~ — ny 

+“ . ” s +“ . ’ connection through the 2 
pulse selector control by “Helipot” with “MICRODIAL” ; ‘antillati . ; 
. ‘ hae” Specs : 7 o scintillation or propor- 
optional short circuited 0.5 microsecond delay line at amplifier tional detectors. A single re- 
input for pulse shaping when used with pulse height analyzers ceptacle provides signal, 


power and ground connec 
The Fopedate. MODELS 2048 and 204C 


tion to the linear amplifier 
. evolved from the original Al cireuit, have broad 
acceptance by many laboratories and radio-activity 
research projects, They are widely used with ioniza- 











ss 





Wan 








tion chambers, proportional counters, and in’ seintil- 
lation counting. 


Both Models include: 

Low impedance input cireuit—accepts either positive or negative input signals— 
may be used with direet input or with Model 205B Preamplifier 

Two outputs—low level to coaxial cable (maximum 5v @ 150 ohms), 
high level (maximum 100v without amplitude distortion) 

Precision calibrated pulse amplitude discriminator. All pulses above selected 
level cause discriminator to give out * 10v 0.4 microsecond pulses. 

Gain control by coarse attenuator 


Model 204B includes three-position “rise time” switch and a fine gain control. 
Model 204C includes input time constant control (0.6 to 16 microseconds) 


in seven steps; rise time control (0.2 to 2 microseconds) in five steps. 


Full details and specifications on request. Ask for Bulletin 218-1, 


INSTRUMENT SALES REPRESENTATIVES 
AID RON MERRITT COMPANY — Seattle, Washington 
COMPANY RESEARCH EQUIPMENT & SERVICE — Chicago, IIlinois 
KITTLESON COMPANY — Los Angeles 46, California 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. Bronch Offices — Sen Francisco, California — Alb aque, New Mexico 
PROFESSIONAL EQUIPMENT CO. — New Hoven, Conn. 
Branch Office — 149 Broodway, New York, N.Y, 
Linear Amplifiers, Scalers, W. A. BROWN & ASSOC. — Alexandria, Virginia 
High Voltoge Supplies, Scintillation Counters, Branch Offices — Atlonte, Georgio — Charlotte, N. C. — Tompa, Fic. 
Count Rate Meters, Coincid and Anticoincid inst if — Greenville, S. C. — Birmingham, Alo. 
Differential Pulse Height Analyzers, Accessories CANADIAN MARCONI, LTD. — Montreal, P. Q., Canada 
Branch Office — Toronte, Ont., 
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Here: a new automatic scaler, based on proven 
circuits in use for years in our previous instruments 
— yet incorporating the latest engineering advances. 
The features on this new Model 183 Count-O-Matic 
scaler are those which scientist-users told us they 
wanted most in a G-M scaler. 


@ Binary (diode-coupled) scale of 256 with seven position scale 
selection switch for greatest reliability and use on samples over 
a wide range of activities. 

@ Coarse and fine high voltage adjustment gives pinpoint control 
over continuously variable range of 500-2500 volts. 


@ New 60-cycle test permits operational test or standby scaling 
action for reliable, longer life scaler operation. 


@ New high voltage standby reduces high voltage below operating 
level when high voltage is not needed. Voltage returns to previous 
level immedictely when switch is turned to high voltage position. 


@ New built-in timer provides elapsed time indication for manual 
or predetermined count operation. 


@ New Count-O-Matic controls permit predetermined time opera- 
tion with external timer. 


@ New one-button electrical reset zeros interpolation lights, register, 
and drum type timer. 


@ New sensitivity choices on input connector: 0.25 volt for G-M 
counting or 30 millivolts for scintillation counting. 


@New auxiliary connector for remotely controlled operation by 
Model C-110 automatic sample changer and other accessories. 


Write for specification sheet or new 1953 catalog 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


235 West Erie Street e Chicago 10, Illinois 
Also: New York, N.Y 


Earl Lipscomb Associates, Dallas and Houston 


Export Department: 13 East 40th St., New York 16, New York 


Cabie Address: Arlab, New York 


Want more information? 


Los Angeles, Calif.—Silver Spring, Md. 
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